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RECENT ACHIEVEMENTS IN PARASITOLOGY 

FREDERICK O. NOVY. 

It is well known that science in its varied branches has made wonder* 
ful strides during the past few decades. New inodes of thought or points 
of view as well as new methods of attack have had mu(‘h to do with the 
success achieved. Departments of science undreamed of before have 
thus come into existence and have attained rapid growth. As in the 
case of a new and fertile country where the pioneers’ path is soon 
traversed by many settlei's, so in this or that new science we find that 
its few explorers before long have many followers who devote them- 
selves industriously to developmental work. At no time in the past has 
there been such a large number of workers engaged in scien(*e as at 
the present day, and it is because of this large number of devotees that 
so much, quantitatively at least, is accomplished. Rapid exploitation 
of a promising field is a rule in the crowded business life and is none 
the less observed in science. It is the inevitable result of the conditions 
which obtain today, namely an ever-increasing number of trained men, 
rapid means of communication, and an abundant opportunity for publi- 
cation. The path of progress, however, need not be and indeed is not 
alw^ays straight for the reason that problem, method and observer are 
subject each to its peculiar variation or inaccuracy. Y'et after all,, 
errors such as they are soon become corrected and some real advance is 
made. 

The achievements for the decade just closed make a most interesting 
chapter in the history of science and . augur well for the new century. 
To attempt a general* survey of a decade^s scientific work would be to 
say the least inadvisable and it is not my intention to undertake such 
a task. I have thought, however, that it would not be out of place to 
present a brief account of some of the more notable results in fields of 
work with which I have some acquaintance. 

The control and eradication of disease has been a fruitful topic for 
research ever since Pasteur paved the way, first by his remarkable 
studies on the silkworm disease, then by his classical studies on at- 
tenuation, especially that of the virus of anthrax and rabies. In the 
case of the silk-worm disease which threatened to impoverish France, 
Pasteur practically put an end to the malady by developing means for 
its detection and prevention. The corpuscies of Cornalia which we 
today recognize as the spores of a protozoon {Nosema homhyeis) were 
not considered by him as the cause but ratlier as reaction products com- 
parable to tubercles and cancer cells. Nevertheless he realized their 
diagnostic importance and by finding these bodies in the dust and 
sweepings of rooms where the worms were raised he was led to believe 
that the worms became infected by feeding upon the leaves laden witli 
the infected dust. A series of tests confirmed the belief and gave, what 
we realize today, the first experimental transmission of a protozoal 
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disease. In this the genius of Pasteur was far ahead of his day, for 
fully a quarter of a century passed before the transmission of a second 
protozoal disease, namely Texas fever was revealed. Furthermore, the 
recognition of the mode of spread of the disease together with other 
facts acquired enabled Pasteur to put a permanent check upon the 
progress of the dise« 7 se. 

The suppression, if not extinction, of disease of parasitic origin, is 
obviously the chief motive which underlies all investigation of patho- 
genic organisms. The investigator himself may not realize the fact, 
and indeed be quite unwilling to accept such an interpretation, but 
nevertheless in his innermost self he hopes that his work may lead to 
some practical result in alleviating suffering; directly, if it concerns 
disease of man or beast; or, indirectly, in improving human conditions 
where the studies deal with problems of husbandry. The border-line 
between pure and applied science becomes, as a rule less definite the 
more closely a science touches the every day affaii's of mankind. Thus, 
it is, that the work of Pasteur, a follower of pure science, opened up an 
era of human progress which in a large measure has already given man- 
kind mastery over the living causes of disease. 

MALTA FEVER. 

The practical extinction of MediteiTanean or Malta Fever affords an 
example of more than ordinary interest. The organism responsible for 
this disease, (Micrococms nhelitensw) was discovered as early as 1887, 
but the mode of transmission was not cleared up until about five years 
ago. At first, supposed to l>e restricted to the harbor of Valetta, the 
disease has since been recognized in nearly all Mediterranean ports, 
and, indeed, in many parts of the world. The fact that its army and 
navy paid a constant and heavy toll to this disease eventually caused 
the British Government to send a special commission to investigate the 
disease. In 1907 after three years of study the Commission success- 
fully concluded its work. How well they succeeded will be realized 
when it is said that while formerly more than 600 soldiers and sailors 
in Malta were sent annually to the hospital, to remain there for an 
average period of four months each, the very first year in which pro- 
tective measures were enforced (1907) the number of cases fell to seven 
all told. 

How was this remarkable result brought about? The specific organ- 
ism was known to be present in the blood of the patients, but that it- 
self was not enough. It was necessiiry to find out whence it came, how 
it got into the body and how it left the body. It was easy enough to 
demonstrate that the organisms left the body principally through the 
kidneys. It might also leave the body by means of blood sucking in- 
sects but the supimsition that the disease could be spread in this man- 
ner (as in the ease of malaria, yellow fever, etc.) could not be verified 
by experiment. Mere contact with the sick, or the inhalation of the 
dust of infected quarters did not cause the disease. On the other hand 
it was soon learned that the disease could be given to monkeys by in- 
jection, or, what was vastly more important by feeding even a small 
number of ihe germs. The indications therefore pointed strongly to 
the food as the vehicle and to the alimentary canal as the avenue of in- 



20 


THIRTEENTH REPORT. 


fection. Then came the wholly unexpected observation that the blood 
of several floats agglutinated or clumped the micrococcus, thus in- 
dicating that the goats had in all probability the same disease. The 
Oommission then examined thousands of the goats on the Island of 
Malta and found that fully 50 per cent gave the agglutination test while 
10 per cent were actually se(‘reting the micrococcus in the milk. 

The surprising fact was thus establishes! that the disease was really 
a milk infection and that Ihe disease was jirimarily one of the goat. 
Equally astounding was the demonstration that the seemingly healtliy 
goats continue to eliminate the specific germ in their milk for many 
months after the disease had passed away. The recognition that Malta 
fever was a milk borne disease and that the goat was probably the only 
carrier enabled the institution of the simplest measures for its siip- 
' pression. 

CARRIERS. 

This brief staiement covering the main facts in regard to Malta fever, 
serve to bring forward an exceedingly important factor in the trans- 
mission of communicable diseases, namely the existence of s()-(*alled 
‘^carriersy This term is applied to animals or persons who, though 
apparently in perfect health, harbor and eliminate a given disease germ. 
Usually, though not necessarily, the carrier has recovered from an at- 
tack of the disease and therefore enjoys immunity. This immunity 
while affording perfect protection against the injurious organisms is 
not always able to bring about the destruction of the latter which ac- 
cordingly persists in the bodj" for a variable length of time. 

The existence of carriers is not altogelher a matter of recent discovery, 
but rather a fact which has received wide confirmation and consequently 
has led to the recognition of its full importance. That apparently 
healthy persons could harbor in their mouths the germ of pneumonia, 
or of diphtheria became known in the early eighties about the time 
that these organisms were discovered. Later, it was shown that after 
recovery from diphtheria, the specific bacillus could persist in the throat 
in a small percentage of the cases for several weeks, and even months, 
and at the same time maintain its virulence. It was seen that such a 
carrier could spread the disease just as readily as the sick person and 
hence sanitarians very properly demanded that the isolation of the 
individual be continued after recovery and until the disappearance of 
the disease germ itself. 

It is only within the past few years that the role of carriers in typhoid 
fever has come to be fully realized. The majority of typhoid patients, 
after about the 12th day, eliminate the typhoid bacillus in the urine, 
at times in enormous numbers, and such elimination may continue for 
several weeks after complete recovery has taken place. Exceptionally 
the typhoid bacilli may persist in the urine or in the discharges for years, 
if not through the remainder of life. Hence efforts at the control of 
typhoid fever outbreaks must be directed quite as much against the 
possible carriers as against the actually sick. 

The studies on Malta fever, as pointed out, have shown that the goat 
is the natural carrier, the germ localizing in the mammary gland and 
hence appearing in the milk. In man this disease presents a condition 
analogous to that recognized in typhoid fever, that is to say, the germ 
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is eliminated from the kidneys for weeks, and even months after recov- 
ery and htmce man as well as the goat becomes a carrier. In cholera, 
dysentery and other bacterial diseases Ibis same problem of carriers is 
one that claims attention but it is not my purpose to do more than 
point out this fact. 

But carriers are not restricted to the bacterial diseases which have 
been mentioned. They play an even more important part in the propaga- 
tion of certain protozoal infections. They constitute the natural reser- 
voirs of virus and, as such are chiefly responsible for the continued 
existence of such diseases. Thus, cattle which have recovered from 
Texas fever do not show on microscopical examination of their blood 
any evidence of the presence of the parasite, and yet such blood when 
injected into a healthy animal gives rise to the typical disease. The 
parasite is present in an unrec*ognizable form in the immune animal ; 
a fact which implies that a reciprocal immunity has been established, 
ail armed truce, so to speak, between the host and the invader. 

Ill spirochete and trypan osomal diseases carriers are again in evi- 
dence. nere also the organisms, though present in the blood are un- 
recognizable by means other than inoculation of animals and exception- 
ally by artificial cultivation. It would be interesting to know just 
what form is assumed by these parasites which enables them to escape 
dire('t detection. tSome indication of this transformation is already at 
hand and will be referred to presently. 

The disease caused by sub-microscopic or invisible organisms may show 
this same persistence of the infective agent long after recovery has 
taken place. A striking example of this fact has but recently been de- 
termined in connection with infantile paralysis. It has been found that 
the virus persists in the naso-pharynx for many months. Under such 
circumstances it is not surprising to learn of sudden outbreaks of this 
dangerous disease in a locality where no previous case was known to 
exist. 

INSECT CARRIERS. 

There remains another type of carrier, other than man or the ordinary 
animal, namely the insect or arthropod or other sanguivorous host. It 
may be said at once, and without any fear of contradiction, that the 
greatest achievements, the most valuable results which have been ob- 
tained during the past 10 or 12 years have come from, the recognition 
of the important i)ai*t played by these carriers in the transmission of 
disease. There were, indeed, years ago, prophets who pointed out the 
probability that malaria and yellow fever, were mosquito borne diseases 
but the experimental proof was not furnished until quite recently. 
The early bacteriologist could see only three ways for the trans- 
mission of disease, namely inoculation through wounds, ir halation of 
dust particles, and infection of food and water. That seemingly in- 
significant bites of insects could result in the production of serious 
disease did not appear reasonable and for that reason when the American 
workers in IS&l pointed out that Texas fever was caused by the bite 
of a tick, and further, that the tick in question had never been in con- 
tact with a diseased animal, but had developed from eggs laid by its 
blood-sucking parent, it was not surprising that open scepticism if not 
actual ridicule was bestowed upon the work. 
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It was not until 1898 that the far-reaching discovery was made that 
a human disease, namely malaria, was transmitted by the bite of a 
certain kind of mosquito. It was indeed a revolutionary discovery 
which relegated the time-honored causes, such as effluvia, miasms, and 
bad odors to the junk-pile of exploded theories and substituted for these 
demonstrable biological facts. The unveiling of the mystery surrounding 
malaria resulted in a new and clefirer conception as to the transmission 
of certain diseases, jiai^ticularly those in which the germ is present in 
the blood of the diseased animal. The fa<*t is now fully appreciated that 
insects and the like which feed upon the blood of such diseased animals 
may become infected; in other words, they furnish suitable soil for 
the growth of the germ. It must not be inferred, however, that every 
kind of blood sucking organism which feeds upon a given animal will 
constitute a host for the parasite. There are just as great differences 
in susceptibility among the inse(‘ts and arthropods as there are among 
the higher animals. The fact that man may contract a disease or be- 
come poisoned by eating certain kind of hmd do(.^ not mean that the 
lower animals will respond in a like manner. Nor does it follow that 
a disease of the horse or cow is transmissible to amphibians or birds. 
The common mosquito {CiUcir) for example does not transmit malaria 
for the reason that the organism of this disease cannot pass through 
the- necessary development and multiplication in this insect. A special 
mosquito of another genus (Anopheles) does afford suitable conditions 
for the growth of the germ and hence becomes the carrier. A further 
illustration is afforded by yellow fever which is not transmitted by Wther 
one of the two mosquitoes just mentioned but has its own special host 
(Stegomyia ealopus). 


PASSIVP2 AND AcmVE CAHRIBRS. 

It has been <*ustomary for some yeai*s to sjieak of insects as jiassive 
and as active carriers, and these terms usually convey with them cer- 
tain well-defitied conceptions. The pasf?ive carrier may be looked upon 
as an accidental conv^er rather than as a living host for the organism. 
A fly feeding upon typhoid excreta may soil its feet or proboscis and* 
on alighting elsewhere may deposit such mechanically adhering parti- 
cles. The part played by the passive carrier is merely one of bring- 
ing about indirect contamination. This transference of disease organ- 
isms to various articles of food or even into wounds, by flying insects 
may lead to infection and it is generally recognized that certain bacterial 
and even protozoal diseases may thus be spread. Reference need only be 
made to cholera, dysentery, tuberculosis, and tyj^hoid fever. 

The i)assive carrier is by no menus as important a factor in the spread 
of disease as is the active carrier. Indeed, it cannot be compared with 
the latter for the reason that the active carrier usually represents the 
only natural way by which certain diseases are transmitted. The in- 
numerable researches of the past few years all go to demonstrate the 
preponderating role played by the active carrier. Eiverj^ day, so to 
speak, brings new and positive evidence regarding the transmission of 
this or that disease by active hosts, and for that reason this factor is 
deserving of special attention. 

An active carrier is essentially a diseased individual. The insect, 
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tick, leech and the like which feed upon the infected animal may be- 
come a suitable soil for the disease organism in which case it multi- 
plies directly, or else it passes through a developmental cycle. It has 
been nupposed by some that active (‘arriers can harlM>r only animal 
parasites such as the pathogenic protozoa and (ertain worms (filoria) 
an assumption which is certainly erroneous. It is undoubtedly true that 
in the majority of known active carriers the organism which is trans- 
mitted is of an animal nature but that fact is not sufficient to exclude 
the bacteria, nor does it justify the assumption thal an unseen and 
unrecognizable germ which is transmitted by an active carrier is ipso 
facto a protozoon. 

Too much stress can hardly be placed upon the fact that the ordinary 
bubonic plague, the cause of which is a typical bacillus, is spread al- 
most wholly by the bites of fleas which come from diseased rats, ground 
squirrels and other rodents. The isolation of the diseased patient is 
not enough to prevent new cases from developing. The protective meas- 
ures must include the utmost eradication of rodents and their eito- 
parasites. 

The splendid studies of Rickett’s have shown that the so-calle<l “Rocky 
Mountain Fever” or Spotted Fever is in all i)robability due to a bacillus, 
and furthermore that it is invariably transmitted by the bite of a tick 
or of ils offspring. 

Other examples of active canaers of bacterial organisms are met with 
in connection vvJlh certain spir<K*bele infections, of birds, mammals and 
man. The best example of the latter tyi)e of infection is the African Tick 
Fever. The active earner in this case is a tick {Ornlthodorus monhata) 
Mild the disease is transmitted not only by the tick but also by its offspring. 
In other words, we have here, as in the case of Texas fever, and Spotted 
Fever, a hereditary transmission of the parasite from the parent through 
the egg to the young tick. Instances of such hereditary transmission 
are common enough in the case of the Tick family but are rather ex- 
ceptional with the mosquito and other insects. 

Our knowledge regarding the changes which the spirochete under- 
goes in the tick and in the egg is by no means fully eslablished. While 
some worker, such as Koch, have described the presem e of the spiral 
organism in the internal organs and in tlfe eggs, other observers have 
failed to demonstrate their presence. The recent observations of 
Leishman are pregnant with future possibilities and for that reason call 
for a brief mention. Leishman in his work was unable to detect recog- 
nizable spirochetes in ti(*ks, later than the 10th day after ingestion. 
Instead he observed clumps of chromation granules which were also in- 
variably present in the eggs, larva* and nymphs derived from infected 
ticks. Whether these granules are of spirochete origin is un(*ertaiu, 
for Leishman himself found similar granules in nymphs derived from 
ticks fed on normal blood. Inoculation of suspensions of such granules, 
which apparently contained no spirochetes, gave the typical infection 
in mice. Ftiture work must determine the real significance of the 
Leishman granules. If it should be proven that the granules represent 
a developm^ital phase of the spirochete it would in some measure up- 
hold the view of Much, Foiites and others that the tubercle bacillus is 
capable of existing in a similar form. 

It has been heretofore quite generally accepted that the transmission 
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of a disease by a biting insect implies the injection of the virus into the 
wound. While this is certainly the case in malaria, it is not so in plague. 
There the infection is contaminative; in other w^rds the excreta and not 
tlie saliva of the flea contains the plague bacillus. Leishman has brought 
forward evidence which indicates lhat an exactly similar condition exists 
in tbe case of the tick which transmits the African relai)sing fever. And, 
it may l)e added further, that a like view for the transmission of the 
Trypanosoma lewisi by the rat flea has been suggested by Minchin and 
Thomson. Future studies will be needed to decide just how fi’equent is 
this contaminative infection. 

In each of these thre<^ examples just referred to, the infective organisms 
develop particularly in the alimentary canal. Jn other words a veritable 
tub(' culture may result irres|)ective as whether the organism l>elong8 
to the bacteria or protozoa. A certain interval is needed to secure such 
multiplication before infection can be i>ossible. As in the (‘ase of man 
and higher animals, the organisms AVhich are introduced into the in- 
testine may in time leave the alimentary canal and pass into the circula- 
tion, eventually reaching distant organs, such as the salivary glands. 

The typical active carrier is where the parasite passes through a 
complex cycle of development Jn the insect, eventually apf>earing in the 
salivary gland in a new and minute fonn,. This sjwozoite stage is then 
injected into the wound and thus gains direct entrance into the blood. 
The classical example of this cyclical infection is afforded by malaria. 

SPIROCHETES. 

Tbe studies of ^chaudinn (1904) on the blood parasites of the little 
owl (Athene noctnn) may be considered as eix>ch-niaking even tliough 
the conclusions which he reached have not been substantiated by other 
workem These studies concerned two very common inti:sj-cellular para- 
sites of hawks and owls. One of these, the halteridiuui, if found within 
the red blood cells, and ^chaudinn believed that this parasite, after fer- 
tilization, develoiXHl in the gut of the common mosquito (Culcx pipiens) 
into innumei‘able minute tryj>anosomes, which, by the bite of the insect, 
were subseiiuently introduced into the circulatimi of (*lean owLs and 
became transformed into the original intracellular parasite. 

It is beyond the scojk* of this address to go into a detailed considera- 
tion of the many researches made since that time to confirm or disprove 
Schaudinn^s view that the intracellular halteridium is but a resting 
stage of a flagellate or trypanosome. In collaboration with Dr. MacNeal 
we showed that the morphologic methods employed were insuflicient and 
uncertain and hence quite naturally led to wholly erroneous conclu- 
sions. The metliod of cultivation of trypanosomes as devised by us 
offered the only means of Ji crucial experimental test of his conclusions. 
If the halteridium developed into flagellates, these should be cultivable 
m vitro and with such pure cultures the questions raised should be 
readily answered. By this means it was possible to demonstrate that 
cultures could be obtained from the blood of birds even though no intra- 
cellular parasites wei'e i>i*esent. Moreover, the blood of birds having 
halteridia, fr^uently failed to develop such cultural flagellates. In 
other words, it was shown that there was no relation between the intra- 
cfellnlar parasite and the flagellate or trypanosome and that the latter, 
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therefore, are entirely independent parasites. The fact that no trypano- 
some miay be found in the blood of an animal by direct observation, even 
after the most careful search, is no proof of the absence of flagellates. 
A iK)sitive culture under such conditions is conclusive evidence as to 
their presence. Notwithstanding this fact, recent workers such as Rosen- 
busch and Mayer, by isolating cultures of flagellates from the blood of 
owls, and from tlie gut of mosquitoes which have fed upon such owls, 
believe that they have conflnned Schaudinn's conclusions. 

Of considerably more importance was the work of Schaudinn with the 
second blood parasite of the owl, knovm as Leueoci/to^oon Ziemannd. 
This parasite he believed to l>e the resting stage of a very large trypano- 
some, and that, on fertilization, it develoi>ed in the gut of the mosquito 
into innumerable slender flagellates or spirochetes. These spirochetes 
were believed by him, at the time, to have the structure of tiypanovsomes 
from which they diflfered, however, in the mode of agglutination. Our 
investigations have shown that these views, like those regarding the 
halteridium, are untenable. 

The most important result of these studies on the jvarasites of the 
owl was, without doubt, the special training which Schaudinii thus ac- 
quired. The skill and technique devcdoiw^d in the study of these organ- 
isms which seemingly possess but a purely scientific interest was 
utilized, a few months later, in the enduring resear(*h which resulted in 
the discoveiy of the cause of syphilis (IflOo). This was the crowning 
achievement of his life and it is truly regrettable that this indefatigable 
v^)rked did not live to witness the practical results which followed so 
closely upon his discovery. 

The ^pirochaeta the cause of syphilis, is a delicate spiral, 

motile organism which is pla(*ed by some among the protozoa, by others 
among the bacteria. The question of its systematic position is of rela- 
tively little imi>ortance at present. It is, however, reasonably certain 
that the spirochetes do not possess, as has been claimed, the stnicture 
of tryimnosomes. 

The discovery of the germ of syphilis developed an intense interest in 
other spirillar diseases of nmn and the lower animals. It is not sur- 
pnsing, therefore, that our meagre knowledge regarding tlie spirochete 
infections was rapidly widened. While it has not l>een possible as yet 
to cultivate these organisms there can be no doubt but that this will 
l)e accomplished in the near future. At the present time, the organisms 
can \ye maintained in the laboratoi’y only by continuous passage through 
susceptible animals. This is especially true of the various strains of 
spirochetes which cause relapsing fever in man and somewhat similar 
disieases in chickens and geese. 

TRYPANOSOMES. 

Among the protozoa there is no more interesting group of parasites 
than that of the flagellates or tT*ypanosomes. Their extremely common 
occurrence, the ease with which many of the pathogenic forms can be 
maintained in laboratory animals, and the fact that many of these 
organisms can be cultivated in the test-tube render them objects of 
special interest. This is all the more evident when it is borne in mind 
that in the tropics many diseases of animals, and even of man, are due 
to organisms of this group. 
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Briefly stated, the trypanosomes are free-swimming parasites found in 
the blood plasma of vertebrates. They possess a nucleus, micro-nucleus, 
undulatinpf membrane and a free flagellum. It is by aid of the undu- 
lating membmnc and the whip that the parasites are able to move about 
quite freely in the blood of the host. 

Up to ten or twelve yeai*s ago the number of known ti*ypaiiosomes was 
rather small and about the only available representative was that found 
in the common wild rat. The Tryjmnosmna lewisl of the wild rat was 
therefore selet^ted for exjx»riments haiiing for their object the developmeait 
of a method of cultivation. With the aid of Dr. MacNeal this was ac- 
complished, in 1908, and since then the blornl agar method of cultivating 
flagellates has been widely and most successfully employed. This method 
has iK^n found esi)ecially applicable in the study of the trypanosomes 
which are not markedly pathogenic, such as those found in birds, fish, 
amphibians, insects and smiie mammals. Of the pathogenic foims Tr, 
hnuTi, the cause of nagana or the tsetse-fly disease of South Africa, is 
the only one which has been carried through a series of artificial cul- 
tures. Much etfort has been exi>ended to bring under cultivation the 
parasites causing the diseases known as Surra, Dourine, C'aderas, Human 
Sleeping Sickness, etc., but without satisfactory result. It is re4\sonably 
(*ertain, however, that Indore long the difficulties will be overcome and 
that all of these parasites will Ire known in their cultural forms. 

The impoHance of the cultural method in the study of trypanosomes 
is no less than in that of bacteria, moulds, yeasts, etc. In the first place, 
it enables the worker to detect the presence of a flagellate, even when 
it is jmesent in such small numbers as to escaj^e observation by the 
microscoi>e. We have showai this to be tnie for the blood of birds and 
rats. During the i)ast year a number of observations in different parts 
of the world have been made demonstrating the prcsymce of trypanosomes 
in the blood of cattle, though none could he detected by other means. 

Another advantage of the cultural method is that it affords additional 
means for the dift’ei'entiation of si>ecies. The cultural chai*acterists may 
vai*y considei'ably, as in the case, of bacteria, and hence this featui*e 
is one w^hich may a.ssist in the identification of the blood forms. The 
trypanosomes as found in the blood of diffei^ent animals often prcvsent 
only slight differences in form or size, and" six*i*ific names are only too 
often givtm l)ecau8e of the mere fact that the hosts are unlike si>ecies. 
In the case of birds, we have shown that the same cultural trypanosome 
may t>e found in very diffei^ent sx^ecies and what is more imi>ortant that 
a given bird may be infected with two, culturally very different kinds 
of tryx^inosomes. The failure to recognize these iinixirtant facts have 
led obsenei's such as Rosenbusch and Mayer to eiToneous conclusions 
regarding the parasites cultivated from owis. The flagellates which are 
prestmt in the gut of insects, growing as th^^ do upon dead material, 
must be regarded as cultural forms. This view’’ is supx)orted by the fact 
that When such organisms, for examine those found in the mosquito, 
ai*e cultivated in the test-tube they present essentially the same char- 
acteristics. 

A further ax>plication of the cultural method is evident in connection 
with problems of immunity. It was because of thfe availability of pure 
bacterial cultures that so much has been done in recent years in experi- 
mental immunization to disease, and it is reasonable to believe that 
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similar results may be obtained with pure cultures of trypanosomes. 
This expectation has already been fully confinued as regards one of 
these organisms, namely, Ti\ Icmm, the parasite of the common rat. 
Several years ago it was shown that dialyzed, dead cultures of this 
organism when injected into the rat, protected this against the living 
virulent organisms. The production of an attenuated living strain whic h 
could t)e utilized as a vaccine was not realized until re<»ently. With the 
help of Mr. W. A. Perkins we have sho'wm that 7V. Icu isi after passing 
thi*ougli about 200 generations or transplants, in the culture tul>e, be- 
comes attenuated so that it is no longer capable of infecting a clean 
healthy rat. Moreover, rats which have had su(*h inoculations are ]>er- 
fectly protected or vaccinated against infection with the virulent 
organisms. This, it may be said in passing, is the first example of suc- 
cessful immunization of a susceptible animal by means of living protozoal 
cultures. The success obtained in this instance warrants the belief that 
similar results may be secured with the other, the more strictly i)atho- 
genic trj’panosomes. 


SLEEPlNCi SICKNESS. 

The inteiest in trypanosomes because of their causal relation to such 
animal diseases as surra, nagana, dourine, and caderas was more than 
doubled by the discovei*y that a similar i>arasite was responsible for the 
fatal human disease kno^vn as Sleeping Sickness. Though known for a 
long time on the west coast of Africa, this disease attracted but little 
attention prior to the close of the last centu^;^^ The commercial develop 
ment of equatorial Africa undoubtedly led to its wide dissemination. 
The api>ai*ently sudden api>earance of a fatal disease which claimed iis 
victims by the thousands led the governments of Bel^>ium, England, 
Prance, Gennany and Portugal to appoint siK^cial commissions charged 
with its study. The jiarasite first discovered by Porde and Dutton, in 
the blcKHl of a river captain, on the Gambia (1901) was shortly after- 
wards found ill the cei’ebro-spinal fluid and in the IiUkkI of afflicted 
natives, in Uganda, by the British Sleeping Sickness (Vminiission. Since 
that time, the Tr, gamhieihsc and the dist^ase itself has l>et‘n the subject 
of innumerable studies earned on not only in ti’opical Africa but also 
in European and American lalwiratories. The Biilletiii of the Sleeping 
Sickness lUii'eau which the Bntish Government, through the Royal So- 
ciety, publishes monthly, is now in its third year of existence. An 
important function of this Bulletin is to supply careful summaries of 
all rec’ontly published j>ai)ers dealing with tiwpanosomiasis of man and 
animals, and more esi)ecially Sleeping Sickness. The promi>t and wide 
publicity thus given to the numerous researches dealing with this and 
related diseases is of the greatest possible benefit. Facts reg,irding the 
distribution of the disease, its mode of transmission, diagnosis, preven- 
tion and treiitment are of vital importance if the disease is to be effec- 
tively controlled. 

The mode of transmission of sleeping sickness is one of very general 
interest and for that reason can lie bnefly referred to. Tt has been 
sho\ra conclusively that it is spread by a biting insect, the tsetse-fly 
{Qlomina palpalis). The glossinas are sanguivorous flies and live en- 
tirely, it seems, upon the blood of animals. They ai*e known to feed upon 
crocodiles, birds, wild animals and man. If the disease was exclusively 
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one of man, and was conveyed by the fly wholly from man to man, then 
it might be possible to eradicate the disease by removing the natives 
from the infe(*ted ten*itoiw for a sufficient length of time, that is until 
the infected flies had died off. Segregation has been practiced on a large 
scale in Uganda, but the studies of Bruce and his co-workers have shown 
that the flies caught in places which had not been visited by the natives 
for two years were still infe<Hive. This fact made it quite clear 'that 
the trypanosome of sleeping sickness is leally a parasite of some “wdld 
animal. In other words llie wild animals serve as the natural reservoir 
for the virus. r]xi>eriinents on antelopes, by Bruce and his co-workers, 
have shown tliat Ihese animals can be infeciod by the tsetse-fly and, 
that in turn the anteloix'., though its blood shows no )>arasite recognizable 
by direct examination, nevertheless, is capjible of infecting clean tsetse- 
flies. It would seem, therefore, that the antelope or some similar wild 
animal was the natural carrier of the Tr. gamhicme, A reasonable proof 
in support of this view will be furnished Avhen the parasite is actually 
found in the free roaming wild animals. Krxh’s belief that the crocodile 
was such a reservoir has in nowise been confirmed. 

The fact that the tsetse-fly does transmit the disease was soon estab- 
lished but it was not clear as to just how this was effected. It was at 
first believed that the flies were mere jmssive carriers, and that they car- 
ried the parasite directly from the infected animal or man to man. In 
other words, lliey were supposed to act like the needh* of a syringe, in a 
purely mechanical way. If this were so, the flies would become cleansed 
after a few horn's, or at most in a day or two. The early observations of 
Bruce (1895) on the tsetse-fly (Gloasina 7norsitau8) which transmit a 
horse disease (nagana) indicated that the fly was a mcH^hanical carrier. 

On the other hand, if the ingested trypanosomes underwent develop- 
ment and multiplication in the gut, the fly itself would become infected 
or diseased and would therefore become an active carrier. As such, it 
would be able to transmit the disease weeks and even months after the 
infective feed. 

IndeiKmdent ob.seiwations made by the British Sleeping Sickness Oom- 
mission and by Kcm*1i (1900) revealed the presence of flagellates in the 
gut of a large numlxr of captured flies. Tliese flagellates were at once 
supposed to be develojmiental forms of Tr, gmnhlmsc but this was soon 
shown, by Minchin and by the author, not to l>e tlie case. Of the four 
types of flagellates pre^sent in the gut of the flies, to which I called at- 
tention, only one seemed to have a possible relation to Tr, gambiense. 
The other tyi)es were undoubtedly either natural parasites of the fly or 
were derived from ingested trypanosomes. The most common type, 
designated by me as !7V. Grayi, was believed by Koch to be of crocodile 
origin while Minchin considered it to l>e derived frojn avian trypano- 
somes. 

The question as to whether the tsetse fly could act as an active car- 
rier was finally settled by Kleine (1909) who demonstrated that flies 
which had fed uix)n bl<x>d infet^ted with Tr, bmret, after a non-infective 
period of 20 days could transmit the disease. This important fact was 
soon confirmed by Bruce and his co-workers, as well as by other in- 
vestigators, and constitutes a distinct achievement. While it is possible 
for the fly to transmit the disease from animal to animal by interrupted 
feeding it is now certain that this is not the common, natural way. 
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The trypanosomes, after beiii^ in^^ested with the blood, slowly adapt 
themselves to the new environment in the gut. and, in a certain per- 
centage of the flies, eventually multiply and become quite numerous. 
A period of incubation of from 2 to 3 weeks is nec'essary to bring about 
this adaption, and it is an interesting fact, that about this same length 
of time is necessary to secure the first generation of a culture in a 
test-tube. It would seem therefore, that, as in the case of the bird 
trypanosomes, the insect carrier is essentially a culture tube. While 
recognizing this fact, it should be clearly pointed out that it is not fully 
establishe(l as to just how the parasite leaves the infected fly to reach 
the wound caused by the bite. 

Recent studies go to show that the cause of sleeping sickness {Tr, 
gamhiensc) is represented by several distinct strains. Thus, the West 
Afri(*an form seems to be more easily destroyed by treat menf than is 
the parasite found in Uganda. Another strain has already received a 
distinctive name (Tr. rhodcsicnsc) . The existence of such strains or 
varieties is not surprising for variations, more or less marked, must be 
expected. We know of such strains in the case of other animal try- 
panosomes and the}’ have been recognized for some time among the 
spirochetes, to say nothing of the bacteria proper. An entirely different 
species of human trypanosome (Schhofrypanuni Crv^i) has been de- 
scribed by Chagas (1909), in Brazil. This disease, however, has been 
but imperfectly studied and it will be necessary to await conflrination of 
the work. 


LEISH MANIA. 

Closely related to trypanosomes, as regards cultural characteristi<*s, 
is a group of parasites which has received the generic name of LrAsh- 
mania. Unlike the trypanosomes which freely move about in the blood 
plasma, the Leishmanias are actually intracellular parasites, more especi- 
ally of the white blood corpuscles and of endothelial cells. Contrary to 
the commonly accepted view, these cells instead of devouring and de- 
stroying the invading organism become the hosts of the parasites. For 
that reason the parasites have been called leucocytozoa or phagocytozoa. 

To one inclined to search for the origin of organisms it would not be 
ditflciilt to assume that the ancestral form of the trypanosomes and 
Leishmanias were intestinal flagellates of insects whicli differentiated 
with their adaptation to the vertebrate host. The former bec*oming the 
large typical plasma parasites; while the latter, unable to establish 
themselves in the plasma, were ingested by the leucocytes Avhere in ii 
modified form tliey were able to live and slowly multiply. 

The interest aroused by the discovei’y of the human trypanosome led 
Leishman (1903) to publish an observation made two year- before re- 
garding the presence of peculiar rounded bodies in the organs of a 
soldier invalided from his station near Calcutta. The fact that these 
bodies showed a nucleus and a micro-nucleus, and therefore resembled 
rounded or degenerated trypanosomes led him to believe that flagellates 
of this type would be found in fresh blood, or in the fluid obtained by 
splenic puncture during life. 

An examination of such fresh material in Madras failed to demon- 
strate trypanosomes but did show the presence intra vUatn of the bodies 
observed by Leishman. The disease in which this organism is found 
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is known as Kala-azar, and the parasite {IjeMimania danovani) is com- 
monly referred to as the ^^Leishman-Donovan Bodies/’ In 1008, a 
similar infection was reco^^nized in young children at Tunis, by C. 
Nicolle, and has been designated as infanlile splenic anaemia. Diir 
ing the ]ais1 Ihree years this disease has been shown to exist in Italy, 
Greece, Tripoli, Algiers, etc., and there can be no doubt but that it 
is of much more frequent occurrence than has been supposed. 

Nicolle, unlike the Indian investigators, was able to transfer the 
infection to dogs by inoculation with suspensions of the diseased or- 
gans; and, moreover, he succeeded in cultivating the organism upon 
blood agar. With such cultures we were able to infect dogs and repro 
duce the typical disease, thus establishing beyond doubt the relation of 
the cultural flagellates to the Leishman bodies. Since it had not been 
possible to inoculate the Indian kala-azar into dogs, or to cultivate the 
parasite on blood agar, Nicolle assumed, for the time being, that the 
Tunisian imrasite was different and hence pmposed to designate it as 
LeisJimania infonfum. It seems quite reasonable to believe that the 
failure to cultivate and to infect with the Indian parasite was largely 
due to faulty method and that in the end the two parasites will be 
found to be identical. In fact, in hts most re(*ent paper on this sub- 
ject, Nicolle has accepted this view of the unity of the parasites. 

A third tyjK* of the disease, known as ‘‘Oriental sore,” “Delhi boil,” 
“Aleppo button,” etc., is caused by a similar parasite (Leishmania 
tropica, first discovered by Wright (1903). While the kala-agar 
(Indian' and Tunisian) is almost always fatal, this infection is xmrely 
local and recovery is invariably the nile; in this respect there is a 
marked similarity to the pathogeni(r and non-pathogenic trypanosomes. 
The cultivation of this organism has also been realized and the disease 
has been su<‘cessfully transmitted to animals. A similar if not identical 
disease has been observed in Brazil and even at Panama. 

The tranfrinission of these diseases, due to Iveishmanias, is undoubtedly 
brought about through the agency of some blood-sucking insect. The 
fact that the parasite can change from the non-motile intra-cellular 
form into the actively motile flagellate, in the test-tube, within 36 hours, 
indicates quite clearly that the parasite must exist outside of the body 
of man and dog, in the flagellate condition, and that, probably, in the 
gut of some insecjt. Recent work seems to indicate that the dog flea 
is the carrier concerned. 

‘t;^! ( f , ' I 

HEMOCYTOZOA. 

Following up the views of Sehaudinn regarding the relation of the 
intra-cellular parasites of the owl to trypanosomes, some investigators 
have endeavored to show that all such parasites were derived from 
flagellates. Whatever, may have been the origin at some remote time 
of the intracellular parasites, one thing is certain, namely, that (apart 
from Leishmania) no transformation of flagellates into cytozoa, or vice 
versa has been established. 

The researches which revealed the nature of malaria and its mode of 
transmission are, and ever will remain of commanding interest, marking 
as they do a most important epoch in man’s histoi*y. These well-known 
studies, however, are not as recent as those which are under discussion 
and hence need not be considered. 
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Just as the plasma of the blood forms the special habitat for the 
spirochetes and trypanosomes, so the corpuscles af the blood act the part 
of hosts for other tyi>es of protozoa, coHeetirelv designated as Hemocff- 
tozoa. The organisms thus brought together l>ecause of a common 
habitat may be extremely different in other respects. In a rather rough 
way, they have been separated into a number of genera, the most im- 
portant of which is the genus Plasnwdmm which includes the malarial 
organisms of man and the similar parasites found in the red blood cells 
of birds, monkeys, bats, etc. These organisms are transmitted by cer- 
tain mosquitoes, the i>jirasite undergoing in tln^ insect host a complex 
cycle of development. An enormous amount of work has been done dur- 
ing the past few years on these and the related parasites, such as the 
Halteridium, Leucocytozoon, Hemogregarina, and Piroplasma. To give 
an adequate account of these studies would require considerably more 
time than is available. 


ULTRASOMES. 

Even a short review of the advances which have been made within 
recent years in the study of ]>arasites would be incomplete \sithout 
some reference to the existence of the so-called invisible or Alterable or- 
ganisms. The ordinary bacteria and protozoa are relatively large, and 
can be seen under the microscope by the trained observer. Their size is 
such that, as a rule, they will not pass through the porcelain and other 
filters. For years, it has been customary to speak of bacteria as the 
smallest of living beings but this is now no longer true. We now know 
of the existence of living organisms which arc smaller than the smallest 
known bacterial cell; so small, indeed, as to l>e invisible under the highest 
powers of the microscope. Because of this fact they are often referred 
to as ultramicroscopic. 

A number of very important human diseases have been shown to be due 
1o organisms of this tyije. Mention need only l>e made of Yellow Fever, 
Acute Anterior Poliomyelitis, Dengue, Papataci Fever, Foot and Mouth 
Disease, and Rabies. It is quite probable that this list will be extended 
materially in the near future. Similar diseases are known to exist 
among animals; chicken i)est, hog cholera and pleuro-pneumonia of cattle 
are examples of this kind. It has been our good fortune to encounter a 
disease of this nature among out laboratory rats and a brief account of 
several facts recently ascertained will serve to emphasize the general 
character of this tyi)e of oi'ganisms. 

The rat ultrasome is invariably fatal to this animal but is without 
effect in all other laboratory animals. It is present in the blood in large 
numbers as is indicated by the fact that the injec^tion of a billionth of a 
cubic centimeter (and at times even less than this amount) of ihe blood 
is sufSiclent to kill a rat. The smallness is demonstrated by the ease 
with which it passes through the Berkfield, Pasteur-( 'hamberland and 
Doulton filters. Indeed, it has been possible to pass it through appar- 
ently homogeneous membranes, such as the collodium sac and iigar- 
soaked filters. When submitted to centrifugation at a speed of 8,000 
revolutions per minute for 12 hours, even when the serum is diluted with 
a thousand times its volume of distilled water, the organism is not 
thrown down. . 

This rat ultrasome is probably an extreme example of this group, and 
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it should be slated that there are other viruses which more nearly ap- 
proach the visible organisms. These facts, however, indicate that there 
are living particles far beyond our limits of vision. Whether they are 
to be classed among the bacteria or protozoa, whether some of Ihem even 
possess cell structure is uncertain and perhaps must remain so. 

Ann Arbor, Mich., June, 1911. 
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RESISTANCE OF TRYPSIN TO HIGH TEMPERATURES. 

W. E. tOUSYTHK. 

AVliatever the cheniioal nature of enzyines may be it is generally ac- 
cepted that they have little resistance to heat. Trypsin Is considered 
.especially sensitive to such thermal action. 55-60“^ C is generally con- 
sidered ample to destroy this enzyme when heated in solution. Tlie 
exact point depending very much upon circumstances as, the prepara- 
lion and the technic employed. Vernon (4) and Biernacki (1) i)ut such 
thermal death point for tryi>sin less than the above while P»ayliss & 
Stealing (5), KriikenlK^rg (8), and Boeder (8) in general consider such 
temi)eratiires insufficient. 

Tn this laboratory, working with three samples of (trnbler’s trypsin 
in 59 ? glass distilled water solutions, henting up to was usually 
necessary to destroy the trypsin action. This temperature was necessary 
to completely pre<‘ipitate a proteid that was in these solutions, and thus 
removed from most solutions healed at 8(P'0 or higher. 

The methods employed were various. For temperatures not over 
lOO'^C the best results were obtained if the solution was j>laced in con- 
stricted and sealed tubes and then completely submerged in water bath. 
Then fresh well washed fibrin flakes were added to these solutions^ after 
they were put into other tubes and made .3% NaoGO;,. The digestion 
wuH (*arried out at 35-37*^0 and observations made qualitatively from 
time to time. 


PKOTECTION KY PROTEIDS AND INOUOANIC SALIHS. 

In general it is undei*stood that trypsin may be to some extent pro- 
tected from acid, alkalie, and heat destruction when mixeni with pro- 
teids, (6), (1), and inorganic salts (1). Schmidt (7) protected water 
solutions against the boiling temperature by heating in the presenci^ of 
peptone, gelatin, and agar. These were anamg results that caused him 
to indicate the possibility of sterilizing a solution of this enzyme by 
heat. 

Upon the suggestion of T)r. Novy an attemjd was made fo duplicate 
some of these unusual findings. The i*esults were rather unsatisfactory, 
but the work was limited by an early observation which hafu since re- 
ceived most attention. 

PROTECTION BY COLO ailEATMENT. 

The fact early encountered in the work was the result of iri*egularities 
in the action of trypsin in solution. Tt was observed that solutions 
after keeping in the ice box, 0^ to 8*^^^ for 24 to 48 hrs. appeared to be 
more resistant to heat than those freshly prepared. As a result of 
many variously modified tests on these trypsin samples positive diges- 
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tions were obtained after heating the cold room treated solutions to 
the extreme heat of 110°C for 20 min. 

Table No. 1 indicates some of the results repeatedly obtained as it 
includes a few parts of a variously controlled experiment. 


TABLE NO, 1. — Exp. No. 3; Test No. 8; Sample B. 


Tube. 

Treatment 
of solution. 

1 

Heat temper- 
ature. 

Heat 

time. 

Digestion 

hours. 


24. 

48. 

6A 

Fresh . 

110®C 

20 Min. . 




3A 

24 hrs. O^-S^C. 

110®C 

20 Min . . 

a. 

-H 


lA 

168hrs.0®-8®C 

110®C 

20 Min... 

a. 



6A 

Fresh . . 



+ 

+ 

Control. 

4 A 

24 hrs.0®-8®C. 



+ 

4- 

Control. 

2A 

168 hrs.O^-S^C 




+ 

+ 

Control. 


The importance of the cold and not the time element in the above 
protection is shown by tests such as are indicated by table No. 2. 


■ TABLE NO. 2.— Exp. No. 15. Sample C. 






Digestion 






hours. 


Tube. 

Treatment of 
solutions. 

Heating. 

Time. 







8. 

24. 




4 days at 35 ®C. . 

100 ®C 

20 Min.. 


_ 


2.'." ! . . . . ...*!!!!! 

4 days at 23 ®C 

4 days at 0®C. . . 
4 days at 35°C. . 

100 

20 Min... 

— 



3 

100 ®C 

20 Min. 

a. 

4- 


lA 

+ 

+ 

Control. 

2A 

3A 

4 days at 23 ®C 

4 days at O^C. . 



H- 

4- 

Control. 



+ 

4- 

Control. 








Thus we see that the room temperature and above offer little resist- 
ance to the solutions, although certain results show that the room tem- 
perature protects more nearly than the warmer one. 

STERILE DIGESTION. 

In all the tests where ox-flbrin was used for the digestion the ques- 
tion of the possible bacterial action was never eliminated, although the 
tests were at all times comparable. Thus it was attempted to obtain 
digestions under sterile conditions with a solution that had been ster- 
ilized by heat. 

Table No. 3 shows some of the results where well washed sterile fibrin 
from rabbits blood was used to test the digestive power of solutions after 
various heatings. 
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TABLE NO. 3. — ^Exp. No. 22. Tests Nos. 2 and 3. Sample C. 


Test. 

Tube. 

Treatment of 
solution. 

Heatlnc; 

temper- 

ature. 

Heating 

time. 

Digestion 

hours. 

Culture 

beef 

tea. 


13. 

24. 

f 

1 

4 days 0® to 8®C. .. 

110®C 

20 Min. . . 





3 ] 

2 

Iday0®-8®C 

110®C 

20 Min. . . 


— 



1 

3 

Fresh 

110®C 

20 Min... 

— 

— 



f 

2 

6 days 0®-8®C 

110®C 

15 Min... 


+ 

. — 


2 \ 

2A 

1 day 0®-8®C 

110®C 

15 Min... 



— 


1 

2B 

Fresh 

110®C j 

15 Min... 

— 




r 

4 

4 days 0®-8® 

110®C 

10 Min... 

J. 

+ 



3 j 

5 

lday0°-8®. 

110®C 

10 Min. . 

-L. 

+ 

— 


1 

6 

Fresh 

110®C 

10 Min... 

- 


+ 


r 

7 

4daysO®-8®C. . 

100 ®C 

20 Min. 

+ 

+ 



3 J 

8 

1 day 0®-8°C 

100 ®C 

20 Min. . 

O. 

-4- 



1 

9 

Fresh 

100 ®c 

20 Min.. 





f 

3A 

Fresh 




•f 


Control. 

2 i 

4 

6davsO®-8°C 



+ 

•f 


Control. 

1 

4B 

Iday0®-8®C.. .. 



+ 

-f 


Control. 

3 

13 

Fresh 



+ 



Control. 


Attempts to sterilize a solution of the exzyme by fractional heating at 
lower temperatures resulted in destroying tlie action usually at the 
second heating. 

It was suggested by Dr. Novy that it might be possible to restore the 
vitality to a solution of the enzyme that had been killed in fresh solu- 
tion, if subsequently kept in the cold for varying lengths of time. Re- 
peated attempts in this connection show that it probably cannot be done 
so simply. 

A limited number of tests seemed to indicate that the above cold room 
treatment does not afford such protection against the action of heat on 
pepsin. 

CONCLUSIONS. 

1. Trypsin in our purest solutions, fresh, is completely destroyed 
by 80° C, at the most. 

2. Proteids and inorganic salts are known to protect this enzyme 
against such heat destruction. 

3. It is believed to have been shown in this laboratory that cold, 0° 
to 8®0, will protect at least some samples of the enzyme in solution 
against extreme heat 110°C for a time of 20 min. 
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SOIL AND SOIL FROHLEMS FROM THE STANDPOINT OF 

PHYSICIST. 


J. A. JEFFERY. 



Fig. 1 . 


So long as soils produce moderate to large crop yields, tlieir produc- 
tiveness does not arouse much concern, it is not taken seriously. Wlien 
the yields reach u point so low as to be unprofitable or but moderately 
profitable, the question ^^why’’ is asked. Not long ago this question was 
thought not so hard to answer. It was generally conceded that the 
supply of plant food was being exliausted. The remedy was as simple 
and about as correct as the answer: — ^The supply should be replenished. 

For a time the replenishing worked, and it does yet under certain 
conditions. Under other conditions it does not. The result is that 
other ^^whys’’ are introduced until at the present time the whole thing 
is given another name. It is a soil prohlem, and a many sided one. 

It was thought at one time that tlie solution of the problem lay with 
the chemist, but he failed to produce a satisfactory solution, and as 
the problem is further studied it is suspected that the botanist, the 
bacteriologist, the soil physicist and the practical crop and fruit man 
may each be required to assist not only to determine the causes, but 
also to decide upon the theory and the fapts of the remedy. 
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Two soils are here offered by way of illusti*ating the reasons or some 
of the reasons at least for the foregoing conclusions. 

These two soils were taken from adjacent fields. In appearance they 
are very similar — practically identical. They did not appear so 18 
years ago: That year the soil numbered 1 produced 42 bushels of wheat 
per acre, last year it produced 18 bushels per acre. Eighteen years 
ago the soil numbered 2 produced 12 bushels of wheat per acre, last 
year it produced 8(1 bushels per a<*re. Eighteen years ago the soil 
numbered 2 was called a “blow’’ sand. At the present time it does not 
blow. Its moisture condition does not permit it. When the present 
owner i)urcliased this land 10 years ago he was laughed at for his 
alleged folly. He had faith in the soil however, and in his ability to 
make it a profitable soil and his faith has l)een abundantly rewarded. 

The transformation has b(^n brought about without the use of 
mineral fertilizers. The owner has rend, observed and thought. 

He has practiced care in the selection and use of tools. 

He has followed a fairly < ar*eful rotation of (Tops — one in which clover 
fornuMi an important i)art. 

He has grown one “momiy crop’’ each year — wheat, or potatoes or 
l>eaus. 

He has built up a dairy herd in addition to keeping other live stock, 
and has exercised fair care in husbanding and applying the manures 
produc(*d on the farm. 

In other words he has followed a fairly rational system of soil man- 
agement (pradice). 

The farm from which the soil numbered 1 was taken has been rented 
during the greater part of (he iie^iod. Further comment is hardly nec- 
essary. 

Two iinp(»rtant facts are before us. First: The barger part of Mich- 
igan soils are imalucing abnormally low yields and in not a few cases 
negatively profitable yields. Second: In a goodly number of cases 
soils producing very low and even unprofitable yields have been trans- 
formed into highly jiroductive soils, and tliat without the addition of 
mineral fertilizers. In gtmeral the transformation has been accimi- 
plished by means similar to those applied to the soil numbered 2 above. 

We ask then what are the causes of this lowiTing of yields? 

Are they chemical, idiysical or biological, and whatever the direct 
cause, may it be due indirectly, the soil physicist will ask, to the failure 
of the soil to fund ion normally ])hysically and if so how great is the de- 
parture from normal? 

Is the departure measurable? 

If measiireable, how far does the d(‘parture affect 
chemical changes, 

the abundance and activity of life forms, 

solutions, 

surface tension, 

osmosis, 

transpiration, and 

deposits and retention of the by-pT*oducts of plants 
and how far do any of tliese l)ecome causes as well as effects? 
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The fundamentals to crop production so far as the soil is concerned 
are: 

Proper temperature 
Proper moisture 
Proper ventilation. 

Tn this soil investigation work the Soils Department is attempting to 
make a study of 

Temperature 

As modified by other conditions | 

Physical 
Etc. 

Physical 
Etc. 

(The relations other than physical are to be studied co-operatively) 

Some of the questions presenting themselves are: 

I. What is the normal temperature for the different types of Mich- 
igan soils, (under normal conditions) ? 

II. How far does any individual of a type, as the soil numbered 2, 
fall below normal? 

• III. How far may proper farm practice raise the temperature toward 
normal or above normal, which may be desirable, — is desirable in most 
cases? 

IV. How far may such rise in soil temperature affect crop produc- 
tion? 

A good deal has been discovered and written aiready concerning soil 
temperatures and it may be questioned whether this data already found 
might not be used in this experiment. 

It is a fact which is coming more and more to be appreciated that 
the facts apparently controlling the temperature in one soil may not be 
effective in the same direction and to the same degree in another soil. 
It is true also that much of the data already found may have been im- 
properly interpreted and evm improperly presented in our Agricul- 
tural literature. 

It is commonly set forth that the application of manures to the soil 
has the effect of raising the temperature and this rise of temperature is 
credited quite largely by some writers to the fermentations taking place 
in the manure thus added. Experiments conducted at this station show 
that an application of ten tons of manure per acre worked to a depth 
of six inches into the soil vyhen apparently no other influences are at 
work results in a temperature rise of about 0.16 degrees P. In sunshiny 
weather the temperature of the soil receiving this ten tons of manure 
per acre is raised over two d^ees, apparoitly because of the increased 
capacity of the soil to absorb the sun’s heat. For the reasons named 
above, we deem it advisable to make a car^l study of the details of 
soil temperature. 

A very important question that has suggested itself, is the possibility 
of what might be called a critical soil temperature, beyond which the 
result in crop yield may increase very rapidly. It must be admitted 
that the question strictly speaking is but a hypothetical one and yet 
there is ground for such question. Fig. 1 illuhtrates the idea. The 
horizontal dimension represents temperature, while the perpendicular 


As a modifier of other conditions | 
As an index of other | \ 
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dimenBion represents crop yield. A. represents the theoretical critical 
. tttnperature. The curve of yield which may be a straight line to the 
left of the critical temperature becomes a rapidly ascending curve 
beyond the point A. If B. the mean temperature of the soils stand 
fairly close to the critical temperature it may be possible by pro^r 
methods of soil management to raise the mean temperature beyond the 
critical point. The b^ieflts are represented by the rapidly asc^ding 
curve. There are numerous means at hand by which the farmer may 
materially improve the temperature of his soil. 

If there be such a critical temperature it may be that this critical 
temperature will prove an average mean. If however, it should prove 
to be a mean of maximum temperatures the question becomes a more 
important one. It is barely possible this critical temperature may prove 
to be the extreme maximum, that is the highest temperature that is 
reached at any time. Then tiie question becomes even more important 
yet. 

If there be such a critical temperature it makes little difference 
whether it be a direct cause or whether it be an indirect cause acting 
through one to a dozen phenommia. 

Michigan Agricultural Collie, Bast Lansing, Mich., April, 1911. 
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KOTL AND SOIL PROBLEMS FROM THE STANDPOINT OF THE 

CHEMIST. 

A. J, PATTEN. 

From the sTaiidpoint of <*hemistry Ihe soil is a conglomerate mixture 
of definite inorganic compounds rmilting from tlio disintegration of 
rocks, together with the organic mnains (»f plant and animal life in 
various stages of decom]K)sition, \vater and gases. 

It was early supiK)sed thal all the (‘hanges taking place in the soil were 
chemical in their nature, it was also believed that all the phenomena 
of plant grow^th were essentially chemical. The following ipiotation is 
taken from Johnstoirs Agricultural C4iemistry: “The art of cultiire 
indeed is almost entirely a chemical art, since m^arly all its process<^s 
are to be explained only on chemical principles. If you add lijne or 
gypsum to your land, you introduce new chemical agents. If you irri- 
gate your meadows, you must demand a leason from the chemist for the 
abundant growth of grass which follows.'’ Thus, according to Johnston 
the knowledge of soil <*onditions was only limited by the la(*k of knowl- 
edge of chemistry. 

Ai)Out the middle of the nineteenth century Liebig formulated his theov\ 
which he ex])ressed in the following four laws: 

First — “A soil can be termed fertile only when it contains all the ma- 
terials requisite for the nutrition of plants, in the required (piantities 
and in the proper form." 

Second — “With evei*y cro]), a ]>ortion of these ingredients is removed. 
A i)art of this j^uTion is again added from, the inexhauslible stoi'e of 
the atmosj>hei‘e ; anotlnu' part, however, is lost forever if not i-eplaced 
by man." 

Third — “The fertility of the soil remains unchanged if all the ingredi- 
ents of a crop are given back to the land. Such a I'cstitution is effec'bNl 
by manure.’^ 

F'ourth — “The manure produced in the course of husbandry is not suffi- 
cient to maintain jiermanently the fertility of a farm. It lacks the con- 
stituents which are annually exported in the shai>e of grain, hay, milk 
and live stock." 

The promulgaliqn of this theory naturally placed an added emphasis 
on the value of the inorganic plant-food constituents and it was l>elieved 
that with the results of a chemical analysis of a soil it would be possible 
to determine its crop producing })ower and likewise its fertilizer require- 
ments. However, it S(M)ri la*came evident to agricultural chemists that 
there was no definite relationship between the productive c^imcity of a 
soil and its content of nitrogen, phosphoric acid and ix)tash. 

Many jK^ople, however, today believe that the chemist needs only to 
make an analysis of a soil in order to advise tlie proper kinds and 
amounts of fertilizer to be used and I fear that this idea is being encour- 
ag<Kl by some soil investigators. 

The amount of so-called plant-food in the soil is only one of the factors 
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governing its produclivity, other factoi*s ai*e organic matter, moisture, 
drainage, cultivation, climatic conditions, etc. Each of these factors is 
as important as the amount of plant-food, hwause each has a deter- 
mining influence upon the crop production and also upon the availa- 
bility of the plant-food in the soil. 

Availability is a convenient term which the soil investigator has used 
very largely in the pasf and is using today for describing a condition 
of things about which we know^ scarcely anything. We say that the 
plant-food must be available l>efore it can be taken up by the plants. 
The tinith of the statement will in all probability never be questioned. 
But the vital i>oint is, what constitutes availability or in other words 
in w hat form nitist the plant-food l)e befoi*e it can be taken up by plants? 

The one requirement is, that it must be in solution in the soil water. 
The soil solution, houTver, is not a simple one, but, on the other hand 
is very com]>lex and is influenced by many fa(‘tors. These many factoi*s 
are so closely inter related that any slight change in any one of them 
is sure to change this relationship and it is imjK)ssible to predict, at 
least w’ith our ju’esent knowledge, wdiat influence the changing of any 
of tlif*se factoT's may have ujKm the coiiitw«sition of the soil solution. 
Many attempts have lM»en made to extract the soil solution as it exists 
iir the soil but the attempts have not l>een generally successful (ming 
to mechanical diflicultu»s. Tt is probably true, however, that the com- 
])osition of the solution would not be the same in any tw^o^ soils in respect 
to all conditions and it is also quite certain that the com|H>sition of the 
solution in any given s-oil chaugevS from day to day within certain narrow^ 
limits. 

Many methods have been ]>rofK)sed for determining the availability 
of the inorganic plant-food in the soil. These nn^thods have mostly been 
based ui>on the relationship betwtHUi the amount of the inorganic plant- 
food constituents extracted from the .soil by the solvent medium and 
that taken from the soil by the crop. Maxwell ]>roiK>sed a \7r solution 
of aspartic a<*id on tin* ground that the organic acids (d the soil ai*e 
amino acids and that they influence the availability of the inorganic 
constituents. Dyer mommended the use of IV, citric acid because he 
supposed it bore a neai* n^einblaiice to the rnetluMis of solution of plant- 
food in contact with the rootlets of plants. McM)re of the Buivau of 
(liemistrv after several veai*s of exjierimentation ])roposed a solution of 
HDl of X/2t)0 strength. 

Many other methods, too numerous to mention, have Imm proi>Ovsed. 
None of them, how^ever, had any sound scientilic basis for their accept- 
ance, but were proiH)S(^ lK^(‘ause thos(‘ who sttKxl sponsor for them 
obseiwed that with one particular crop growm uix^ii one particular .soil 
then' was a relationship l)etw’eeii the amount of plant-food (^Tct^^Jicted by 
the jmrticular solvent medium and that mnoved by the crop. 

All attempts to adapt these methods for universal application have 
jwulted in failure and wdien we consider the valuation in soils and the 
gmat difference in the feeding jMrwers of diffemit croi>s, the variation 
in climatic conditions, seasons, drainage, cultivation, etc., it is extremely 
doubtful if any arbitrary method will ever be devised that may be relied 
uiK>u to determine the available plant foi>d in all soils. 

Although a large part of all the known elements are found in soils, 
only alK>ut 14 are vitally connected with the living plain and it is the 
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general belief today that only three and at moat four of these, nitrogen, 
phosphorus, potassium and calcium need demand the serious attention 
of the agriculturist. The amounts of phosphorus, potassium and calcium 
in virgin soils depends largely upon the composition of the rocks from 
which they originated. The amount of these elements in cultivated soils 
depends also upon the manner in which the soils have been handled. 

The nitrogen has practically all been introduced into soils since their 
formation and it is extremely fortunate that this most expensive form 
of plant-food may be, in a great measure, supplied to the soil by a due 
attention to the practice of crop rotation. It was originally supposed 
that only the inorganic forms of nitrogen, jAosphorup and potassium 
could serve as plant-food and many attempts have been made to classify 
soils as good or poor on the basis of their content of these elements. 
Maercker of the Halle Station, Germany, has made the following classifi- 
cations: 


Grade of Soil. 

Potash. 

Phosphoric 

Acid. 

Lime. 

Total N. 

Clay Soil. 

Sandy Soil. 

Poor 

Below 0.05 

Below 0.05 

Below 0.10 

Below 0.06 

Below 0 05 

Medium 

0.05—0.15 

0.05 — 0.10 

0.10—0.25 

0.05—0.16 

0.05—0.10 

Normal 

0.15—0 25 

0.10—0.15 

0.25—0.60 

0.16—0 20 

0 10—0 15 

Good 

0.26—0.40 

0.16—0.26 

0.60—1.00 

0 20—0.30 

0 16—0 26 

Rich 

Above 0.40 

Above 0 25 

Above 1.00 

Above 0.30 

Above 0 . 25 


Other 'investigators, notably Hilgard, have made similar attempts to 
classify soils but there is no unity of opinion on this point. It is not 
at all strange that there should be this wide difference when we con- 
sider that the amount of the so-called plant-food is only one of the many 
factors governing the productive capacity of the soil — other factors are 
drainage, cultivation, climatic conditions, seed selection, etc. 

Although it has long been recognized that organic matter is a great 
asset to the soil but little has bwn definitely learned in regard to its 
nature and composition. There Is a tendency on the part of most soil 
experimenters to associate soil organic matter with the term humus. 
Many consider them to be synonymous, others consider humus to be cwn- 
pdsed of definite compounds pr^uced by the decomposition of organic 
matter and that there might be organic matter present that had not yet 
reached the state of humus. At the present time the term humus is 
generally used to designate the product obtained by treating an alkaline 
extract of a soil with an acid. 

As early as 1844 Mulder made an extensive study of the oiganic mat- 
ter of soils and claimed to have isolated seven distinct ' compounds to 
which he gave the following names; crenic acid, apocrenic acid, geic 
acid, humic acid "and humin, nlmio acid and ulmin. He also gave to 
these bodies definite chemical formulae. A litde later Grandeau de- 
■ veloped his method for separating humus which .is essentially the one 
in use today. 

‘ , As the number of investigators on the subject of humus and organic 
matter increased, more or less controversy arose as to the composition 
of some of these supposed definite compounds. Different investigators 
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could not agree upon the composition of humic acid obtained from soil 
nor could the same composition be obtained for humic acid derived from 
different materials. Later a controversy arose over the question as to 
whether nitrogen was a constituent part of the humus or not. Some 
claimed that it was organically combined, while others claimed that the 
nitrogen was present as ammonium salts. 

Without going farther into a review of the literature on this point 
it will be seen that the one thing which characterized the work of the 
early investigators was the lack of anything like concordant results. In 
fact the same lack of definite results has characterized the work of all 
investigators down to the present time who have followed in the foot- 
steps of the early workers in their attempts to throw light upon this 
most interesting and difficult problem. Consequently there seems to be 
no valid reason why we should continue to use a method for determining 
humus, which, we must admit, removes not one compound but a mass of 
organic comi>ounds about which we are only beginning to learn the least 
little bit. And furthermore it would seem to the writer that it would 
be a step in advance if we would discontinue the use of the term humus 
altogether and confine ourselves to the more comprehensive term — or- 
ganic matter. 

During the past few years much good work of a purely scientific char- 
acter has been done on the organic matter of soils. Shorey, now of the 
Bureau of Boils of the United Btates Department of Agriculture was the 
first to isolate a definite crystalline compound from soil. This he identi- 
fied as picoline carboxylic acid. Since then Schreiner and his associates 
have isolated several organic compounds, . man}" of which have proved 
to be more or less toxic to wheat s^dlings. Nearly all of the compounds 
isolated by these wdrkei*s have been free from nitrogen. 

Nitrogen which is the most costly form of plant-food we have to con- 
sider, is present in the soil almost entirely in combination with organic 
matter and probably very largely in the form of protein compounds. 
If this is true, then the breaking down of the nitrogen compounds in the 
soil is largely one of proteolysis and one should expect to find many of 
the same compounds in the soil as results from the hydrolysis of protein 
compounds in the laboratory. 

Buzuki digested humus with hydrochloric acid and from the extract 
was able to isolate the following substances, long recognized to be de 
composition products of protein : Alanin, Leucin, Aminovalerianic 
acid, Prolin, Aspartic acid together with traces of Glutamic acid, 
Tyrosin and Histidin. 

Three years ago Jodidi working in the chemical laboratory of the 
Michigan Experiment Station began a study of the organic nitrogen 
compounds in peat soils and from his work concluded that from two- 
thirds to thre^fourths of the nitrogen extracted by boiling acids is in 
the form of monoamino compounds, about one-fourth in the form of 
amids and the rest is in the form of diamino compounds. 

Jodidi did not succeed in isolating any individual compounds although 
he was led to believe that tyrosine was present in traces. 

Mr. Eobinson continuing the work of Jodidi has recently succeeded 
in isolating leucin and isoleucin from, peat soils after boiling with acids. 
Also, by adapting to his conditions the method for amino nitrc^en re- 
cently revived by Van Slyke, he has been able to determine with con- 
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sideraWe acciii*ac‘y the amount of nitrogen in these foms. In the samples 
of i>eat already worked with, the amount of amino nitrogen after boil- 
ing with acid has been from 30*359?’ of the total nitrogen. Only traces 
of amino niti*ogen are found in peat as such. 

These compounds necessarily occur in soils in small quantities, and 
their separation is accomplishcMi only after the most caiv.ful and pains- 
taking work. But it is confidently expected that now since the way has 
lieen fairly well paved more investiga tot's will he tempted to enter this 
field of i*esearch and more of these compounds \^ill be isolated from soils. 

Certain it is that with a more complete knowledge of the comiMisition 
of the organic matter of soils one will be able to jiredict more definitely 
in regard to the jxissible availability of some of the ]>1 ant-food elements 
in combination with it. 

The relation of the soil phosphorus to the organic matter is perhaps 
lesvs understood today than is the case with nitrogen. There has lieen a 
great diversity of o}>inion as to the existen<*e even of phosphorus in 
combination with organic matter. As early as 1H44 Mulder obseived 
that the organic matter was not readily freed from i>hosphorus. 
Grandeau believed that the ])hosphorus associated with the extracted 
matiere noire to lie an index of the fertility of the soil. Kichorn con- 
<‘hided that the phosphorus does not form organi(* combination. Some ex- 
I)erimenters believed that the ]>hosphorus was held in the organic matter 
by absorption, ^"an Bemmelen supiw>rted this theory and he suggested 
that a. part of the j>hosphorus occurred in the form of a ^^eolloidal humus- 
silicate complex.’' 

Schmoeger reviewing the work of his predecessors concluded that tin* 
phosphorus did not exist as absorbed phosphorus but that it was ])resent 
in organic combination. He found le<‘ithin to lx.‘ present in tra(*es and 
was led to believe that luudein or some closely allied Imdies were pn^ent. 
Aso confirmed in a general way, the results obtained by Schmoeger. He 
drew the following conclusions; 

1. “Pliosphorus exists in the soil as inorganic and organic com- 
pounds.” 

2. ”The organic i)hosphorus materials is }>rincipally nuclein with a 
small part of lecithin.” 

3. Ignition rendered the phosphorus in organic combination avail- 
able." 

More recently Schreiner and Shorey have demonstrated the fact that 
phosphoms does exist in the soil in organic combination by isolating 
several compounds known to In* deconiiX)sition products of nucleo- 
proteids. Beyond the fact that the presence of organic matter in the soil 
imjiroves its combination and also increast^s its preductive capacity we 
know but little of the value of any of these specific compounds as pos- 
sible sources of plant food. We know there are some organic com|x>unds 
in the soil that are harmful and we need to know more, in regard to the 
most practical means of counteracting them. 

The manner of conducting fertilizer tests by measuring the crep pro- 
duced has failed to materially increase our knowledge of soil conditions 
and it is now quite generally recognized that it is unsafe to draw general 
conclusions from results based on such experiments. If we accept the 
dynamic theory of soils, that is, that they are continually changing and 
that no two soils are alike, we must inevitably come to this conclusion. 
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These ex]>eriiiiients have, however, seiwed a purpose, in that they have 
taught US the diiwtion in which soil investigatit^ns of the futui'e must 
lead. The introduction of a cheiniical substance into the soil changes the 
condition, not only in respect to the material added but to those already 
present. It also may and probably does affect the j>hysical and biologi- 
cal condition as well as the chemical. 

The method practiced by some experimentei’s of analyzing a soil 
sample representing the fii'st eight or ten inches and from, the results 
estimating the number of bushels of grain or the number of years that 
the soil will produce a cei-tain sized grain crop before it becomes ex- 
hausted is unscientific and unsound. The time is now ripe when we 
should attack these ]>roblems in a truly scieutifi<t way. 

While of course greater productive capacity is the ultimate aim of the 
soil investigator he should seek to find out and understand the changes 
taking place in the soil that accomi>any gi’cater production. 

Michigan Agricultural ('oll(^e. East Lansing, Mich., April, 11111. 
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SOIL AND SOIL PROBLEMS FROM THE STANDPOINT OF THE 

MICROBIOLOGIST. 

OTTO RAHN. 

Soil is to the physicist a mixture of particles of various sizes, as 
gravel, coarse sand, fine sand, silt, and clay. These particles have cer- 
tain physical qualities, as absorption, heat conduction, water capacity, 
and pore space. The physical qualities of a soil are determined by the 
amounts and kinds of particles constituting it. 

The chemist looks at soil problems in a different way. Soil appears 
to him as a mixture of soluble and insoluble compounds, of organic 
and inorganic matter. Some of the soil constituents are known to be 
plant foods, and to them the special attention of the chemist is di- 
rected. 

To the microbiologist, soil is a medium for the development of a 
large variety of microorganisms. The domain of the soil bacteriologist 
is increasing rapidly, and the term bacteriology seems hardly broad 
enough for a science that includes, besides the bacteria, yeasts and 
molds, even the single-celled animals, — protozoa. 

In order to discuss the soil problems from the standpoint of the micro- 
biologist, it seems advisable to first state briefly the facts that are al- 
ready established in soil bacteriology. Like the chemist and the 
physicist, the microbiologist studies soil problems ultimately from the 
viewpoint of soil fertility or crop production. From this viewpoint, 
microorganisms may be divided into those that are beneficial and into 
those injurious to crops. Of course, this distinction is not an absolute 
one, but it is helpful in classifying soil microorganisms according to 
their significance, 

Microdrganisms can be useful to plants in various ways, either di- 
rectly by symbiosis, or indirectly by preparing plant food. Symbiosis 
of higher plants with microorganisms is limited practically to the roots, 
but there it is a very common occurrence. The root-tips of the evergreens 
and of many other forest trees show quite regularly a growth of mold 
mycelium which is called mycorrhiza. Many other plants show mycor- 
rhiza growth frequently, while with some it joocurs only very rarely or 
not at all. There is no doubt that the mycorrhiza is of benefit to the 
plants, though the relations between mold and host are not entirely ex- 
plained as yet. It seems that the mold helps the plant to obtain food, 
either mineral matter or nitrogenous compounds. Perhaps, they ful- 
fill different purposes in different plants. 

Much attention has been given to another case of symbiosis, namely 
that of legumes with Pseudomonas radicicola, the bacterium of the root 
nodules. This symbiosis is so well understood that pure cultures of 
such bacteria are now grown commercially for inoculating the seed. 
It 4s at present the only case of a direct application of soil bacteriology. 
The subject is so generally known that it would, be wasted time to 
discuss any details before this audience. 
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Far more important than the above mentioned direct relations be- 
tween plants and microorganisms are the indirect relations, especially 
the preparation of plant food. Most soils contain plenty of plant food, 
but it is largely in a form unavailable to plants. Microorganisms attack 
and decompose many of these compounds and especially nitrogenous 
compounds are made available almost exclusively by microorganisms. 
Thus, plant growth depends upon microbial activity in the soil. 

Most attention has been paid to the changes in nitrogenous matter 
in soils. The nitrogen comes largely from dead leaves, plant roots, 
excreta, and remains of animals. These compounds are not directly 
‘assimilated by plants. They are readily decomposed by bacteria which 
break up the large molecules into smaller and smaller ones, until finally 
the nitrogen is in the simple form of ammonia. This may be assimi- 
lated by many plants, many, however, prefer nitrates, and they are ac- 
commodated by the nitrate-forming bactena which oxidize ammonia 
to nitric acid. All of this microbial activity is named briefly ‘^mineral- 
ization.” The organic matter is, by the exclusive activity of micro- 
iirganisms, changed to mineral compounds which alone can be used by 
plants. 

But the activity of soil organisms is not limited to the mineralization 
of organic matter. They also increase the nitrogen content of soils. 
Two groups of bacterja, the Azotobacter and the Clostridium are known 
to assimilate nitrogen gas from the air in order to build up their own 
protoplasm. It is believed that these organisms are necessary to keep 
constant the nitrogen content of soils which would otherwise be de- 
creased continually by crops, seepage, and denitrification. 

The decomposition of nitrogen-free organic matter is also of consider- 
able influence upon the availability of plant food. Cellulose, starch, 
sugars and similar constituents of the plants are transformed by micro- 
organisms to organic acids and carbonic acid, which will act upon in- 
soluble minerals as calcium phosphate or magnesium carbonate. In- 
soluble plant food thus becomes available to plants. 

A very important product of the decomposition of organic matter 
has not been mentioned as yet, that is the humus. Very little is known 
about humus formation and it is mentioned here only because it is 
certain that humus is formed by microorganisms. How this is done and 
which microorganisms are essential is not known. 

Bacteria are further involved in the oxidations of hydrogen sulphide 
and of sulphuric acid. Iron compounds are also occasionally changed 
by microdrganisms. 

So far, only the beneficial organisms have been mentioned. They 
constitute by far the majority of soil organisms. But there are also 
harmful organisms in soil which injure crops either directly or indi- 
rectly. Direct injury is caused by all organisms of plant diseases. 
The rot of vegetables, the potato blight are a few examples of diseases 
caused by soil organisms. 

The indirect injuries to crops caused by microorganisms are in con- 
nection with plant food. One group was much feared some time ago, 
namely the denitrifying bacteria which decompose the nitrates of the 
soil to nitrogen gas. Such denitrification means a direct loss of nitrogen 
to the field, but it is known now that it is rather unusual in a well 
ventilated soil. Another group of harmful organisms are the protozoa, 
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which prey ui>on tlio essential soil bacteria reducing their numbers and 
consequently soil fertility. 

This is, briefly told, a bacteriologist’s conception of soil. The object 
of this pa]>er was to discuss soil problejins rather than facts. It is, of 
course, impossible to enunier^ate in detail all the many points of interest 
in soil bacteriology. I shall try to present the most prominent problems 
which demand immediate attention. This introduces a personal ele- 
ment into the discussion, since not all bac^teriologists value the same 
problems alike. If I speak of important problems, I mean those that 
ai*e considered to be of vital interest by the laboratory which T have the 
honor to reiiresent. 

A problem that is at jiresent taken up from different sides is that of 
the humus. The formation of humus has been studied very little, de- 
spite its significance, because of the insufficieni chemical technicpie of 
its analysis. Efforts have been made re(*ently by the Bureau of Soils 
to obtain a more definite idea of at least scmie of the many humous 
bodies, and it can be hoped that before very long humus will be known 
as a fairly well defined group of organic compounds. The bacteriolo- 
gist’s task is to find the organisms that form humus, and to study their 
habits and their food requirements. This knowledge will enable us to 
increfise humus formation where it seems necessary and to prevent it, 
when desirable. The humus problem also inclu^les the destruction. 
The organisms breaking down humous comiK>unds to ammonia are very 
important because while not available itself, humus yields decomposition 
products which are the most valuable plant food, namely ammonia and 
nitrates. By obtaining a i)ei*fect knowiedge of the humus- forming and 
the humus-deatr(»ying organisms, wre gain control of the humus content 
in soil. 

The jjeat problem, or more definitely the use of jieat as farm soil or 
as fertilizer is nothing but a side line of the great humus problem. 
Though there is undoubtedly a great difference betw^een peat and humus, 
it^seems quite probable that the solution of one problem will make the 
solution of the other an e^sy task. 

Another problem is the constancy of the number of l>acteria in soils. 
This factor may not seem very important to the superficial observer, 
but it has doubtless close relations to soil fertility. In decaying organic 
matter, in fermenting liquids, in sewage, and in milk the number of 
microiirganisms will first increase rapidly, then decrease and in a com- 
paratively short time most of the organisms are dead. In a given soil 
the number of bacteria is practh*ally constant. Slight fluctuations are 
caused by sesisonal influences, by min and drought, by fertilizers, but 
the soil soon regains its oi*iginal number of microorganisms. The old 
explanation of the constancy as an equilibrium established between the 
various kinds of microorganisms is not satisfactory. If such an equili- 
brium w^ere possible at ail, it W'ould be found in liquids too. But that 
is not the case. There may be an equilibrium between bacteria and 
protozoa, but we have no accurate knowledge as yet of soil protozoology. 
The constancy of the bacterial flom in soil is very important bef*ause 
it renders possible the immediate decomposition of organic mattei^ en* 
tej’hag the soil. In solution, where the organisms die after having acted 
for a short time, the decomposition soon comes to a standstill. In soil 
this does not seem to be so, at least, the limit is much wider. The 
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faster and more complete decomposition in soil cannot be explained 
by drainage water, removing the harmful products and thus giving bac- 
teria a new chance for activity. Drainage water contains very little 
organic matter which is of a nature that it could not possibly cause any 
retardation of microbial action. 

This leads to another problem which is perhaps the most prominent 
one of today, namely the difference of microbial action in soil and in 
solution. It seems strange that until a few years ago soil bacteriologists 
paid no attention whatever to the. physical structure of soil and car- 
ried on all experiments in solution. The dairy bacteriologist grows 
his organisms on milk or milk products, the vetei*inary bacteriologist 
grows bacteria for experimental purposes in the animal body, while the 
soil bacteriologist does not use soil as a baSis for his soil experiments, 
but nu?at media and occasionally soil extract. It is very true that there 
is not much difference chemically betwecm the so-called soil solution 
which is the natural habital of soil bacteria and between a soil extract. 
Not the chemical qualities, nor the amount of food make the great dif- 
ference between soil and soil solution, but the physical nature of the 
two. Bacteria live only in liquids. In soils, the liquid is spread in a 
thill film over all the finest soil particles, and thus the surface is many 
hundred times enlarged. Doubtless, other soil qualities, like absorp- 
tion, Influence microbial development, but no other factor has such an 
enormous influence as the exposui*e of a large surface of liquid to the 
air in a well-aerateil soil. Tlie abundant supjily of oxygen is a great 
stimulus for aerobic bacteria, while anaerobic organisms are decidcly 
sujqiressed. This (‘an be illustrated by a few experiments in which 
(juartz sand has bwn used instead of soil in order to eliminate the 
])ossible influences from any organic or inorganic soil compounds. A 
iwqdone solution was sterilized in a flask and inoculated with a bacter- 
ium that formed ammonia from iieptone. The same amount of the same 
solution was inixcMl with some pure sand, sterilized and inoculated with 
tin* same [>ure culture. After 7 days, ammonia was determined in both 
culturo;, and tiie sand culture had form(>d threes times more ammonia 
than the ordinary liquid cultui’e from the same amount of peptone. 
With two other bacteria, live limes and eight times more ammonia was 
formed in the sand cultures. Evidently these bacteria iHHpured plenty 
of oxygen, since the large supply of air caused an increase of ammouia 
]:rcMluctioii of 200 to 7009^ . A similar experiment w as carried on with 
the nitrogen-fixing Azotobacter, wdiich gave iu sugar solution 4.2 mgs., 
in sugar solution plus saud 35.0 mgs. of nitrogen, the increase caused 
by sand being 720^^-. While aerobic bacteria are thus stimulated by the 
change from liquids to soil, anaerobic organisms arc retarded in their 
development. Bacterium lactis acidi w’us found to make only about half 
as much acid in milk, if quartz saud w as added to the milk. Similar is 
the experience with denitrifying bacteria which wer<^ feiired so much 
because they destroy nitrates. They are feared no more, for th(‘ ex- 
licriments leading to their discovery w^ere not proj^erly eonduct(Hl. 
They are found in most soils and they will destroy nitrate if the 
soil is submerged in a solution, but they will not attack nitrates at all 
in a w'ell-aerated soil. Koch and Pettit show^ed i*eecntly that in soil 
with a fair moisture content, nitrates are not destroyed because the 
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oxygen from the air is more readily used by the organisms than the 
oxygen from the nitrate. 

These examples will suffice to emphasize the previous statement, that 
soil problems must be studied in soil and not in liquid media. Wince the 
development of anaerobic bacteria of the soil is greatly increased in 
solutions, while aei-obic oi*ganisins are suppressed, it is obvious that 
changes taking pla<*e in solutions allow of no conclusions whatever in 
r^ard to changes in soil. We must necessarily expect erroncious and 
even contradictory i^esults if we negle<*t variations of 700%. Strange 
to say, bacteriologists have, until quite rec*ently, paid no attention to 
this diffei'ence. This serious error has been made for more than ten 
yeai*s, and a large amount of work done in this period is probably wasted, 
sin(*e we do m»t dare to bring the i*esults obtained into any relation 
with soil problems. 

I have emphasized this })roblein of the ^^soil as a culture medium'’ 
for two reasons. The one is that our laboratory is dealing with this 
s]^ecial ]>robltm, the other is the urgent need of this work. Hc^w can 
we expect to make progress in soil bacteriology if we neglect factors 
of the most vital importance for microbial development? 

Soil is such a com]>lex mass of organic and inorganic, soluble and 
insoluble compounds, containing so many different organisms that we 
cannot possibly ovei*see all the <*lianges taking place at once. It will be 
absolutely lunessary to reduce the number of unknown factors in soil. 
It will become necessary to study the development of pure cultures in 
soil l)efore vv<‘ can think of dealing with the natural microbial Hora and 
fauna of soils. Tt will re<iuire a large amount of careful and possibly 
discouraging work to study the peculiarities of soil as a culture medium, 
but it offers a chance for fundamental, and, I dare say, (dassical work 
in soil bacteriology. 

Processes other than aei*ation will probably play a rfde in the 
microbial development in soil, since it is l>elieved by some chemists that 
even chemical reactions are diffeiTiit in soil from solutions. 

Cameron stated last year (Journal of Physical Chemistry, Vol. 14, 

p. 402 (1940) ^‘We should expect that many reai'tions would take 

place quite differently in the soil from the way they would in a beaker 
or flask. This fact has been generally «)verlooked or ignored and is 
probably the explanation of many of the apparently anomalous results 
hitherto reported in chemical investigations of soils. Enough is 
known to justify the statement that the <*heniistry of the soil need not be 
and probably is not, the ehemistry of the iK^Jiker.” 

And still, another factor must be considered as possibly influencing 
microbial development in natural soils. The publications of the lluretiii 
of Soils have demonstmted that there are organic compounds in soil 
which retard plant growth. The same or similar compounds may retard 
bacterial growth. Investigations have never been made along these 
lines, but the possibility must be considered. 

One otJier problem must be mentioned here which has been consid- 
ered so little as yet that we cannot even say whether or not it is im- 
portant to soil fertility. It is the relation of micTodrganisms to the 
physical struc*ture of soils. The formation or destruction of humus will 
certainly influence the physical qualities of soils. But even aside from 
that^ soil is changed physically by microorganisms. A root, a leaf, a 
piece of straw in soil will decay and the space previously occupied by 
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organic matter is later an air space, a channel for ventilation. The 
oxidation of soluble ferrous salts to insoluble ferric sajts is apt to 
change the stracture of soils, and so does the solution of insoluble phos- 
phates and carbonates by acids formed by microorganisms. There must 
be considei*ed further the mycelial growth of molds, and ixjssibly the 
formation of slime by bacteria. The experiences with sand filters indi- 
cate the probability of such influences. 

These are some of the great problems which seem to our laboratory 
the must urgent j>roblems of the soil bacteriology of today. There are 
many other ])roblems waiting for solution, and they may seem more 
important to other laboratories. 

The solution of such problems depends largely upon the develop- 
ment of the technique. The interest of the microbiologist concentrates 
in the products of microbial metabolism, and the success of determining 
accurately the character and quantity of the products of any decom- 
position dei)ends ui>on the accflmcy of the chemical analysis. The 
difficulty of analyzing the many compounds in soil has alrendy been 
pointed out by the ( hemist’s paper. Any improvement in the accuracy 
of chemi(*al analysis will be of benefit to the bacteriologist. The new 
method of determining very small amounts of nitrogen which has been 
worked out in recent years by Mitscherii(*h will no doubt open a new 
field to soil ba(*teriology. The method of determining amino-nitrogen in 
soils whi<‘h has been worked out by Mr. Robinson, of the chemical depart- 
ment of our experiment station, will be of great value in the bacter- 
iological studies of the decomi)osition of humus and peat. 

Rut it is not only the chemical techni(iue that limits the study of 
soil bacteriology. The main difficulty lies in the nature of the ma- 
terial Ave work Avith, namely the living organisms. While the chemist 
and ])hysieist have a constant matter Avith which to Avork, the bacter- 
iologist deals with organisms that may multiply, or die, or lie dormant, 
that are influenced by slight changes of temperature, of moisture, of 
aeration. The variation of organisms under apparently equal (*ondi- 
tions causes frequently a greater discrei)ancy of results than the pi*ob- 
able error of chemical analysis. How difficult it is to aA^oid mistakesi 
is seen in the different groAvth in soil and solution which Avas not con- 
sidered at all impoi’tant for more than ten yeai-s. The problems of soil 
bacteriology are different from those of dairy bacteriology, and the 
methods used in the latter cannot be applied directly to the foi*mer. 

Soil proi>lems require, above all, a cai*eful (*onsideration of soils as 
a medium for microbial development. The field is too new to permit 
bold, haphazard experiments. The con<iuest of such new land often 
necessitates a retreat on the whole line unless each step is guarded by 
reliable troops. This had not been the case in soil bacteriv>‘Iogy, .and 
the retreat was a hard lesson. Slowly, step by step, we must investi- 
gate the character of soils in relation to mi(Tobial growth, we must 
study the mutual relations of the A^arious organisms, and since all 
bacteriological work is based upon the physiology of microorganisms, 
great efforts should be made to, amplify our knowledge of the physiology 
of these smalle^st organisms. The solution of soil problems i*equires 
a strictly scientific study of all factors involved. Without such scien- 
tific basis, it may be possible after many mistakes to establish a few 
isolated facts but never a science of soil bacteriology. 

East Lansing, Mich., April, 1911. 
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SOIL AND SOIL raOBLEMS FROM STANDPOINT OP BOTANIST. 

W. H. BROWN. 

The soil problem from the standpoint of the Botanist or Plant 
Physiol oji^i St may naturally be divided into two parts: 

1. The influenee of the soil on Ihe plant. 

2. The influence of the plant on the soil. 

In dealing: with the first part of this problem, the metho<is used by 
the Plant Physiolog:ist have usually not difl'ered g:reatly from those 
employed by the Soil Physicist or Chemist, since they have usually 
consisted in an attempt to correllate the chemical or physical fac tors 
of the soil with either the total or dry weight of the plant i>roduced. 
This has l^een largely the i*esult of the fact that plant physiology is a 
comparatively new science and that ceHain general relations had 1o be 
established before the underlying physiological problems could be at- 
tacked. While from a i)hysiological standpoint, such methods could 
hardly more than scratch the surface they have nevertheless yielded 
valuable results. For example it has been found that certain elements 
are necessary for plant life and that the plant can obtain these from 
certain chemicals and not from others, that some combinations of chem- 
icals are favorable to growth, that a certain texture or water content 
of the soil is necessary for some plants and that these conditions vary 
for different species. In much of the work along this line, however, the 
mistake has been made of dealing with a complex of factors rather than 
with individual ones, with the result that the experiments could not be 
re])eated or fundamental conclusions, which would serve as a basis for 
future work, derived from them. FOr example, the addition of ( crtain 
things such as fertilizers or organic matter to the soil has often been 
treated as an experiment with a single factor even though the things 
added have been complex and have changed the physical and chemical 
properties of the soil and influenced the microorganisms in it. Even 
when individual factors have been dealt with, the relation of these to 
others has frequently been so complex that some factors have either been 
ignored or overlooked, with the resiilt that later w^ork has proved the 
first conclusions either inadequate or erroneous. A good example of 
this is afforded by the non--available water content of the soil wdiich is 
the water remaining in the soil after the plant has withei’ed and died 
because it could not obtain sufficient to supply that lost by evapora- 
tion, and to maintain life. The amount of this non-available water 
has been found to vary with different soils and plants and so without 
taking into consideration the atmospheric conditions it has generally 
been stated that it is constant for a given soil and plant. Experiments 
carried on in Arizona have however, shown that similar plants of Vida 
ffiha growing in the same soil, W’otild wilt when the soil contained any- 
where from 8 to 35% of water, depending upon the amoimt of evapora- 
tion. As will be pointed out later changes in the internal conditions of 
the plants also affect the amount of non-available water. While it is 
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thus evident that nmcli of the work that has been done will have to be* 
rep>eated under more exact experimental control, the realisation of the 
complexity of the problems will do much to i-emove the present unsatis- 
factory condition. 

But w’hat, after all, is the most unsatisfactory thing from the stand- 
point of the physiologist is the small amount of work that has been done 
on the processes of the plant itself. Little is known about the form in 
which substances enter the plant, and still less about the relation of con- 
ditions in the soil to the internal conditions of the plant and of these 
internal conditions to growth. While these problems are complex, they 
are by no means hopeless and should be of tremendous importance from, 
both a scientific and practical standpoint. It may not therefore, be out 
of place here to discuss some of the possibilities. 

Since chemical reactions lake place more rapidly in a dilute than in a 
('onccntrated solution, we would exj^ect growth to l>e more rapid when 
the solulion in the cell is dilute than when it is concentrated, provided, 
of course, that the necessary elements are pi*esent in sufficient amount. 
If a submerged plant such as Elodea, is placed in distilled water or in 
a very dilute solution of nutrient salts where the tendency would be 
for the salts to diffuse from the plants to the water and thus weaken 
the solution in the cells, the plant will grow several times more ra]>idly 
during the fii*st three days than if it were in ordinary })ond water. 
Rapid growth dix^s not, however, necessarily mean good growth, and in 
this cas<^ the plant usually dies about the fifth day. Plants growing 
under arid (onditions usually have an extremely slow rate of growth 
and the concentration of their juices is higher than that of plants gi^ow- 
ing in moist lo<‘alities. Likewise when plants that have been growing 
under moist conditions are subjected to drought, their juices bc^come 
concentrated and growth is less rapid or may cease altogether. From 
the above observations, it would seem probtible tliat the degree of con- 
centration of the juices of a plant may markedly affeci the rate of growth. 
The winter content of many plants may be reduced 50 per cent, without 
causing signs of wilting, by dei^reasing the amount of water in the soil. 
Til this case, there must be a great increase in the concentration of the 
solution in the plant cells and an inci’ease in the osmotic prt^ssure. This 
is followed by a great det'rease in the amount of water given off by the 
transpiration of the plant.' Plants thus give off and take up less water 
when growing in a dry soil than when growing in a moist one. The fact 
that the amount of w^'ater in a plant decreases as the soil becomes drier 
should find a i*eady application in agriculture in regions wiiei-e irriga- 
tion is practiced, for if the optimum water content of the leaves were 
once deterinined, it w^ould be easy to tell wdien the per cent of water fell 
below this. This w^ould indicate that it was time to iiTigate, and remove 
aJl uncertainty. In all pi’obability gi^ow’ing a plant in a concentrated, 
solution w^ould have the same effect in increasing the concentration of 
the plant juices as growing it in a dry soil, for the amount of salts taken 
in a plant is not regulated by the amount of w’'ater that passes through 
it but by tlie relation between the concentration outside and inside the 
plant, since the salts move by diffusion and this may be independent 
of the movement of the water. 

It is well known that certain plants will not grow in soils in w^hich 
the water contains a large amount of dissolved salts. When we ask for 
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an explanation of this, we are confronted by difficulties which can only 
be solved by a careful study of conditions within the plant. The harmful 
effect might he due to an increased concentration of the juices of a plant; 
or possibly changes in permeability; or to an actual harmful effect on 
the cytoplasnj; or to an interference with the working of an enzyme or 
some other process. The presence of certain salts in solution may either 
accelerate or greatly retai*d the action of enzymes and it is very probable 
that in plants as in animals, the jn’csence of certain salts is useful in 
accelerating or retarding various processes, tlnfortunately, however, 
TU'O know entirely too little about the condition of substances nothin the 
plant. A good example of the im,iK>rtance of changes in the relation 
Wtween conditions in the soil and in the plant would seem to be afforded 
by the non-available water content of the soil. During the day, the 
leaves of plants are manufacturing sugars which increase the concentra- 
tion and osmotic pressure of the solution in the cells. At night these 
sugars are used or removed and the concentration and osmotic i>ressure 
again dec'reases. Since water is probably drawn into the cells by osmosis, 
we would naturally expect that in the middle of a bright day when the' 
osmotic pressura is high, the water would l)e drawn into and held in 
the cells of the leaf with graater force than during the night or early 
morning, or on a dark day, and that theiefoi’c, the amount of water in 
the .soil which is not available to the jdant would vary with the time of 
day and kind of day. This has proved to be the case to such an extent 
that th(*se factors will have to be taken into consideration in all accurate 
detenninations of non-available soil m.oistui'e. 

Enougli has probably l)een said to |)oint out something of the imiKu*- 
tance of studying the conditions within the plant in their ralations to 
soil problems. A thorough understanding of this relation would cer- 
taitily furnish a satisfactory w'ay of handling many practical question.^. 

The influence of the jdaut on the soil, like that of the soil to the plant 
would appear to be a fruitful subject for investigation rather than a 
field in which a givat deal has been accomplished. Substances which are 
toxic to plants inay Ik? fonned in soils as the result of the growth of 
plants, but whether these are usually excretions from the jdant or the 
result of bacterial decomposition of tissue's thrown off from the jdant, 

. is uncertain. Many plants particulaidy fungi and insectivorous ones ai*c 
known to secrete enzynu's and other snl)stances so it is entirely imssible 
that plant excretions may play an imjKU'tant role in changing- the chemi- 
cals of the soil. The growth of roots apjKsirs to be acconiiplished in some 
cjmes by a dissolving of mineral sulwtanct's, but how much of this is due 
to things outside the i>lant, such as acids i)roduced by the decay of tissues 
is also uncertain. The meaning of the oxidizing and reducing power of 
roots is likewise little understood. 

In conclu.sion the soil j)roblems from the standpoint of the botanist 
would appear to me to l>e one on which com.paratively little has been 
accomplished but which offei-s tremendous possibilities. 

Michigan Agricultural College, East Lansing, Mich., April, 1911. 
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THE THEORY ANT) PRAOTICK OF 801L MANAGEMENT. 

FRANK K. CAMERON. 

The watchword of modem industrial efforts is eflk*iency. Efficiency 
implies control; control of materials and control of methods. Control 
in turn implies knowledge and understanding of materials and methods. 

We are met here today in symposium to study the i)roblem of effl~ 
ciency in soil management. It is meet that this should be so, for this 
is the phwc where labored for many yeai^ a Nestor among soil in- 
vestigators; the scientific public and especially those more immediately 
crmcernefl with the soil and soil problems have long looked with admira- 
tion and for inspiration to the labors of the late Professor Kedzie. 
The time is propitious, for Ave are now' entering an era of scientific dis- 
cussion following one marred by acrimonies Iwause a theory has been 
brought into (piestion — a the/)ry which for three-quaiiers of a century 
and u|>wards dominated the thoughts of soil investigators practically 
to the exclusion of all others. Usefful as W'as this theory and satisfactory 
for its time, it is now’ giving w'ay to, or perhajKs it Avould be better to 
say, l>eing modified by. increasing knowiedge and new' points of v\ew. 
The w'ord 8i/mposUim^ is, in its derivation, suggestive of drinking together, 
a simile (juite apt to this occasion, for the program W'e have follow’ed 
today show^s that to attain a comprehensive purview' of the soil, w'e 
must now draw' from the founts of many sciences. The work of the 
]>hysi(*ists, the chemists, the biologists and the geologists is obviously 
necessary to a knowledge and understanding of soils. lAK)king furtlmr 
into the larger as])e<*ts of the case and the relation of the soil to human 
])rogress and Avelfare, it se<uns cAident that there is no branch of knowl- 
edge but Avhat lends itself to or finds itself called uikui in soil inAesti- 
gations. 

Finally, the soil itself is a subject AAiiich is not surpassed in interest 
by any other. It presents to the scientist many complexities, some- 
times batlliiig, but ever interesting, always suggestiAe of neAv lines of 
thought and of original experimentation. To the practical layman it 
offers, in soil management, a subject rapidly becoming a highly de- 
A'elofjed art, passing from the avocation of an artisan to the profession ot 
a highly trained expert. Upon the soil more than upon any one thing de- 
I^ends the material prosperity and happiness of the race, and equally 
important is its part in determining the develoiunent of ihe spiritu- 
ality of the race. However facinating the soil nuiy be to the scientific 
man, and however strong the justification in studying it for its own 
sake or simply to add to the sum total of human knowledge, and how- 
ever interesting in its relations to the lesthetic and emotional develop- 
ment of the race — and these views of the subject are w'ell worth con- 
sidering in an institution of learning — today we are to think of it from 
another jx>int of view. The labors of our colleagues, who are working 
upon the soil as chemists, physicists, biologists, geologists, etc., are 
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justified b.y the iiistnimentation they place in our hands for the nianage- 
mient, i. e., control and efficiency of the soil as a sourcie of food. 

The great fundamental problem of agriculture is crop production. 
Efficiency in crop production is not always recognized, nor even what 
efficiency means. There is an important distinction between quality of 
crop and quantity, the attainment of the optimum in either directtion 
being not always compatible one with the other. Frequently if not gen- 
erally these ends are antagonistic, and it is a question of nice judg- 
ment so to adjust the several factors determining crop pTOduction as to 
obtain the best compromise between quantity and quality. For such a 
judgment, and such an adjustment, there is requisite a knowledge of 
the several factors, their several functions and Iheir relations to one 
another. Crop production is the resultant of many factoi*s. It de- 
pends upon the biological characteristics of the plant, upon Ihe via- 
bility and germinating power of the seed, the specie^ and varietal dif- 
ferences. Tt depends upon climate especially, the amount and distribu- 
tion of rainfall and of sunlight, and upon temperatui*e variations. Tt 
depends upon the soil, including the composition and character of the 
mineral components and of the organic substances, including the yet 
mysterious complex, humus. It depends upon the physical pro])erties 
of the soil, its textural characteristics, its absorptive powers and water 
niiovements; upon the biologic^al pro]>erties of the soil, including bacteria, 
molds, enzymes. With these natural factoi*s may be included others ol 
which at present no opinion can be ventured other than the jiossibility 
of their existence. To these in the (‘ase of (‘ultivated crops, must be 
added three artificial factors which comprise nearly all that man has 
yet devised for the control of soil and cro]), namely, tillage methods, 
rotations, and fertilizers. The use of wind brakex, shades, glass houses, 
etherization, spraying, etc., are all very special pra(‘tices for s])ecial 
cases, and need not be considered in a general discussion, as they have 
no wide application to field cro])s. 

Consideration of the factors determining cro[) pnaluclion and the 
experimental investigations of them, brings a realization that the re- 
sultant of all these variables is complex. Not only are the factors 
numerous but they are interdependent, and no one of them can be 
changed without producing corresponding changes in all the others. 
Tliese are points of great importance, for up to the very recent ])ast it 
has been assumed that crop production is a simple matter, dependent 
primarily upon the amount of plant food available, although it was 
recognized that the weather sometimes interfered and that some tillage 
was necessary to the production of any crop at all. 

Let us confine ourselves for the present to a consideration of the 
soil factors. The soil is the resting place for the products of practic- 
ally all the activities taking place on the face of the earth. Agricultur- 
ally we may confine the term soil to that portion of tlie solid crust 
of the earth which is or can be adapted to the growth of crop plants, 
and in it are to be found results of these various activities, natural 
and artificial. The soil contains a vast array of mineral parti- 
cles. It is true that sometimes certain minerals or groups 
of ' minerals will predominate and give convincing evidence of the rock 
origin of the soil. Sometimes, however, the soil shows no obvious rela- 
tion to any particular rock. But investigations to which attention only 
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can be called at this time, have made clear that practically every soil 
contains some at least of every kind of rock forininjj mineral. To these 
are added the products of organized life and the degradation and de- 
cornposition products resulting from them. Mineralogical iuvestiga- 
tions showing the large numbers and variety of minerals present in every 
soil are ecjualled in importance by some recent chemical investigations 
which show an amazing variety of elements. Tii ejicli of a series of 
soils from different sections of the United States, east of the Mississippi, 
there has been found in detectable and generally in estimable quanti- 
ties nearly every known element. And in the organic residues of ordi- 
nary soils w^hich have been under cultivation, there have now been 
isolated and identified some twenty definite chemical individuals, of at 
lenst eight different types. 

Water and winds are const anfly transporting soil material from 
place to place, so that in all cases the soil is far more heterogeneous 
than any rock. Aside from the heterogeneity of soils, the results of 
these activities of water and winds are easily i*ecognized. Throughout 
the humid areas of the world it is a general rule that the suifface soil 
is lighter in texture than the subsoil, though the former is derived 
from the latter, the smaller ])articles being more ensily removable. In 
arid regions this rule will not apply, for special conditions del ermine 
soil formation in each and eveiw area. Within jiiiy given area of the 
soil itself we recognize lhat the ])articles must be moving <*()ntinually. 
The sinking of heavy objects into the soil is an evidence of this. We 
know that earth worms, burrowing animals and like transporting 
agencies are of great importance, but more than these is the imporlaiice 
of the alternate wetting and drying of the soils in(‘ident to weather 
( hanges, which wetting and drying is accompanied by expansions and 
shrinkages which do not exactly balance one another and which must 
in consequence be accompanied by movements of the individual ])articles 
of the soil, and by a considers! ble mixing and transporting of these 
particU^ among one another. Prom the very nature of the case we 
know that living orgsinisms within the soil must l>e moving, and all the 
biologi(*al fac*tors are continually in process of (*hange. 

The water falling upon the earth makes possible tlie use of the ma- 
terial as a medium fc»r plant groAvth by bringing in solution to the 
absorptive tissues of the roots, the mineral elements which we all now 
recognize as essential to the growth of plant and animal. In falling 
as rain, a portion of this water fails to enter the earth by remaining 
in the air as vapor. Another portion runs off from the surface, while 
the remainder enters the soil and percolates through it, mainly as the 
result of gravitational forces and through the larger soil openings. 
Some of this water goes into the soil, seeps through and appeal ^ at the 
surface in the form of springs and wells and passes off into the drain- 
age of the area. This water, dependent upon the character of the 
soil, the length of its passage and other obvious factors, dissolves from 
the soil some of the mineral matter, and so we find all our creeks ami 
rivers diluted soil solutions of varying composition and c*oncentration. 
As the surface of the soil dries there is developed thei*e a capillary drag 
or pull, and some of the water which has entei^ed the soil reascends 
to the surface, generally more slowly than it penetrated into it, passing 
in this case over the surface of the soil grains as films, being long in 
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eontaet with them, so that there is continually being brought to the 
surface of our soils a solution containing the mineral elements, includ- 
ing those ne(*essary to plant growth. So far as investigation can de- 
termine the matter at present, it appears that the concentration of this 
solution does not vary very much in composition with respect to those 
mineral constituents which are recogniz^ as of importance to plant 
growth, at least within a given area or in areas under similar climatic 
conditions, and the con(‘enti*ation of the solution, except in special cases, 
is inmrh higher than that of the seepage water, being on the average in 
the United States probably ten times as high. 

(^ahmlations based on observations of the rainfall and runoff of our 
principal are^is, as well as some diiwt experimentation, show that under 
normal conditions such as those obtaining in .the humid areas of the 
United States, upwards of two-thirds of the rfiinfall enters the soil, 
penef rates to the subsoil, and returns to the surface, carrying with it dis- 
solved material which is available for plants. A consideration of this 
line of in^piiry leads to the conviction that practically all the mineral 
plant food utilized by growing crops is being brought to them from the 
subsoil where the roots, do not actually penetrate. There is much evi- 
dence in favor of this view, though time will not ))ermit me to lay it be- 
fore you today. But it is clear that we must recognize not only the inter- 
dependence of soil factors as well as other fa<*tors in crop production, 
but we must recognize fui'thermore that every factor in the soil affecting 
crop production is (ontinually changing, and that the problem is essen- 
tially a dynamic one, not susceptible to the a]>pli(tation of stati(* (*on- 
siderations, which have so long l>een popular and in some (piarters are 
still so. The analogy of the soil to a bank from which deposits of plant 
food are being drawn is essentially false. Bather is the soil like to a 
complicated machine with many parts, each imnning according to its 
own specific purpose, but the whole to the genenil purpose of turning 
out a definite finished product ; and this ]>roduct in quality and in 
quantity is determined by the way each sejairate o])eration is jierformed, 
as well as by the character of raw material furnished. Like such a 
machine the soil if not used or jf misused, ‘^rusts,’’ but properly used it 
increases in efficiency. Analogies are, however, very dangerous as argu- 
ments, and I would not have you fail to recognize that in soilie essential 
features the soil nf> more resembles such a inechanictal devi(*.e than it 
does a bank. 

With these soil factors admitted, another conviction comes to mind. A 
simple substance has but relatively few characteristics. One amoeba is 
like another, one drop of water is not essentially different from another. 
As (*<>m}>lexity increases, so does differentiation, and as we jmss to the 
highest complex of which we have any knowledge, the civilized human 
lieing, (he differences l>etweeii one man and another are quite as promi- 
nent as the similarities. Two engines built from the same shops, from 
the same patterns and in the hands of the same engineer differ in per- 
formance as a rule. The soil is extremely complex, consequently no two 
soils are alike, and the more they are studied the more it becomes ai>- 
paient that the differences not only between soil types but between dif- 
ferent fields of the same soil are fully as important as ai’e the similarities. 
No two fields can be expected to have the same crop producing power 
or the same adaptability to crops or I'otations of crops, or the same 
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refe*IKmsivene,«8 to a given tillage method or fertiliser treatment. In 
other wordK, soils ai*e highly individnated, a fact not generally recog- 
nized, but of the first iniportauee to an intelligent and rational manage- 
ment. 

Let us turn now to a oonsidemtion of the instniiuents or methods of 
soil management. As stated befoi^e, these may l>e classified under three 
general heads, tillage, crop rotations, and fertilizers. The essential fun- 
damental facts which it is important to l)ear in mind here is that no one 
of these methods can be exiwH’ted to take the place of the others, although 
they do all affect the same natural factors and consequently are thus 
mutually interdependent. Tillage obviously affects the physical proper- 
ties of the soil, bu< it affects also the cheniistiw of the soil, for the altered 
movements of water, of carbon dioxide content of air, and possibly other 
relations in the soil affect profoundly the inorganic and organic ivlations. 
No less profoundly ait^ the bacterial flora and other biological features 
affected. But fertilizei*s, as recent investigations are nniJking obvious, 
}>roduce as profound changes in the physical ]>roy)erties of a soil as do 
tillage oi)erations, and that they affec t the (*hemistry and biology of the 
soil no one can quesfion. Nevertheless in their net results we must con- 
sider tillage and fertilizers as diffei'ing not only in intensity or amount, 
but essentially in kind. Two grait errors with their attendant lessons 
before the American public at the pn*sent time. In the South 
Atlantic States tillage has been, si>eakiiig generally, poor and nnsatis- 
fa(‘tory, i*otations uncommon, and the deiKUidence is upon fertilizei*s 
under the mistaken idea that plant foods alone are what the soils need. 
In the traiis-Mississiiqu ai'eas generally rotations are figain neglected, 
fertilizers are seldom used because of the supymsed suj^erabundaiice of 
plant foods or “fertility," and the dependence is alone or almost entirely 
on tillage. 

Time will not permit of any great amplifications of these illustrations, 
but abundant evidence is c-oming to hand that both procedures are at 
fault. The intrcMluction of divei’sifled methods of farming and better 
tillage in the South has established beyond question that the soils of tliat 
region have a value for crop production immeasurably higher than tlu^ 
popular notion. The increasing demands for the lands of the westeim 
States has directed attention to their yields. There is a popular impres- 
si<m that these yields ai’e falling off — a doublful opinion in view of such 
official records as are available, but it is certain that they must increase 
to justify the continuance of their i-elatively high money value, and if 
they iai*e to meet the growing demands of an increasing ix^pulation. The 
lessons which these considerations teach are sufficiently clear. Modifica- 
tions of tillage methcKls, introduction of new' fertilizer materials, adapta- 
tion of rotations to si)ecial soil i>eculiarities, climatic envirotr.nent or 
market conditions will undoubtedly be w^orked out for ejich locality, but 
essentuilly the principles are the ssiine. 

It is an interesting fact worthy of the most serious consideration of 
both the scientific investigator and the practical layman that w^e have no 
definite idea as to the limit of productivity of which soils are capable. 
Under greenhouse and laboratory’' conditions yields can be 0 btaine<l 
enormously higher than are actually gotten in the field. This is contrary 
to the general rule in industrial operations. It is well established that 
the factory practice is more efficient than the laboratory. For example, 
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the oi>eration of crystallizing cane sugar, practically pure, in the mill 
is a commonplace of the industry, but can not be accomplished on a 
laboratory scale. I have recently been assured by one of the most skill- 
ful metallurgists in this country that certain methods which he had 
studied for years in the laboratory only to find that they ‘‘would not 
work” although theoit?tically sound, were found to be very easy of ac- 
complishment and i*emarkably efficient when he finally had the courage, 
to try them in actual smelter runs. These facts indicate that in soil 
mianagement, actual j^rformance is yet very far behind what we have a 
right to ex|)ect. But more than that, the yields obtained in artificial 
cultures, so far from showing what the maximum ix>ssibilities are, should 
rather be regarded as indicating the inferior limit allowable in actual 
practice. This view may seem revolutionary to some, and it would be, 
if we are to look forward to an indefinite continuance of farming by 
present methods. But actual examples of sustained yields of high 
quantity in such special crops as truck, tobacco, etc., show that the 
possibilities have not yet been realized and that with the development 
of the future, present iwults will l(x>k woefully inadwpiate. It is but 
a few’ generations since the physician was it'gai'ded as a sort of lower 
servant who practiced with ai>j>robation crudities that today would land 
him in the madhouse; today he ijerforms as ordinary imudents of the 
day’s routine operations that were not impossible but undi'eamed 
of a half century ago, and his position in the community is not suiqmssed 
in the homage and res])ect it (’^unmands. The profession of engineeiung 
of today has develojK^d from equally humble origin and other examples 
\\ill occur to every one. It is not so long since the farmer was a serf, 
but there are many reasons to believe that soil management is developing 
in a similar way to medicine, law, engineenng, etc., as wiituessed by the 
existence of such institutions as the one in whose halls we are now met, 
and by the fact that it coniniands the gathering in conclave of trained 
investigators in such diverse inquiries as have Ixxm brought Ix^fore us 
today. The view is not revolutionary, but will, I am sure, cappeal to you 
as entirely logical, and that if the technical investigatoi’s do well their 
part, the farmer of the not distant future will not lie liehind the smelter 
superintendent or the up-to-date manager of the factory. 

Soil management is for the }>roduction of the crop and the crop is made 
up of plants. The modern crop plant is already a highly artificialized 
entity. Tt is not I’easonable to exyeet the co-ed graduate of Michigan's 
higher seats of learning, however satisfactory and beyond criticisms she 
may be in her native environment, to make a satisfactory wife to the 
roving Hottentot or the nomadic Esquimau. Just as reasonable is it to 
expect a highly bred strain of wheat to fare well on a soil and under 
management that would discourage a jimson weed. It is not a question 
of food; ymir Esquinjfiiu eats more than your college athlete, and gets 
it when his civilized comjjeer with all his modem equipment w’ould 
starve, yet the Esciuimau is inferior in production either of physical or 
mental output. Our soil management must be developed with this 
thought constantly in mind that the organisms for whose production the 
mianagement is practiced is highly artificialized and cannot maintain 
iti^lf successfully without continual supervision and aid. It is not sur- 
prising therefore that the soil must be artificialized to some extent for 
the best production of the artificialized plants. The thoroughly tilled 
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and fi'eslily fertilized field is bettei* suited to crop produetion than a 
\irprin praiiie, but also more sensitive to mistakes in management or 
judgment. Par too often is the soil blamed for the shortcomings ov 
erroi's of the farmer. By slight changes of condition in the lalmratories 
we can induce a seedling plant to grow long or short roots as compared 
Kiith the tops; but does any one yet make use of this knowledge in grow- 
ing a field of wheat? Mineral nutrients are essential to metabolism in 
all organisms, but is it not fcndish to pin our faith on this alone, when 
for instance it has been shown that the ragweed following a wheat crop 
takes out of the soil more of the mineral nutiieiits than does the wheat 
(TO}>. Rather is it not more reasonable to infer that the inability to 
produce a sidisfactory re|)etition of the wheat crop is due to the fact 
that so artificialized a plant as the wheat, in which habits have been 
bred into characteristics, can thrive only under a sj^^ecial combination 
of soil, climate and seasonal factors which can not Iw* realized in the 
soil from which the crop has just l>een removed. 

We are led here to consider another ini|>oii:ant generalization wiiich 
hft'^ not n'ceived the consideration it should. It is a charactenstic of 
all activities, physical, chemical or biological, that as the activity pro- 
ceeds in any definite dii*ection, products of the activities accumulate and 
slow up the action, ultimately stopping it if the ]n*oducts ai’e not re- 
moved. This generality holds for waste products or sfKmlled by-products 
as w^ell as for the main ones. The factory cannot continue unless by- 
products aiv removtHi, Manm^ must s^nnictime he removed from the 
barnyard. Kvery housew ife knows that the kitchen cannot be managed 
without reinoval of the garbage. In chemistry ^^e have the well know^n 
law" of mass action wdiich in different forms has its application in physics 
and biology. The bacteria or the yeast cannot continue to live and thrive 
when the medium in which it exists reaches a certain <*oncentrati(m with 
ro^|)ect to its resiction products, a familiar example Ixdng the fermenta- 
tion of sugar to alcohol. But sonie other ferment can, however, live and 
thrive in the medium, as the butyri<‘ acid ferment. Rats are said to \\e 
able to live in an environment which man or some other higher animal 
has fouled l)eyond the point of habitabilitv. 

So with our crop plants. Because of their higher artificiality they are 
the more prone to unfit their environment for continued jn’o<luclion, 
unless the envii*onment be artificially assisted by suitable management, 
and to this end wh^ must investigate the camses, whether tcvxic organic 
sul>stanc(*s, disturl>ed bacterial associations, or wiiatever they may inwe 
to be in any particular case. The principle to wiiich the president of the 
American Chemical Society (*alled attention recently as a universal bnv, 
finds ready application heiv. The ragweed recpiiring as much ‘Tood'^ 
and water as the wheat will giwv in the soil which cannot lie replanted 
to the latter, but (in certain regions wiiich have btvn under my own 
obseiwation at least) the ragweed itself gives place the following spring 
to blue gi^ass. 

What then is the theory of soil nuanagement? In the sense of a simple, 
formal statement, there is no theory. At the iK^st such statements can 
l>e but a paii of the wiiole truth wiiich is the basis of soil management. 
It is never true that the crop growih is or would l>e determined by a 
minimum content of any one mineral element or by a maximum content 
of some organic substance, or by a given ratio of protozoa to bacteria 
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or ratio of water content to air space. Any one of these may, in a par- 
ticular case, be a factor of even predominating influence, but always the 
crop is determined by a large number of factors, and it is not rational 
to describe any one of these various contributing factors in crop pro- 
duction as a theory of feiTility or a theory of soil management. 

The increase of knowledge conceming the chemical processes taking 
place in soils, the function of water ais a great reactive agent in prepar- 
ing the mineral constituents for the easy assimilation of plants, the 
translocation of such materials fmm subsoil to surface soil, the part that 
other mineral constituents than those recognized as plant foods may 
and probably do play in affecting (piantity and quality of product, the 
chemical and physical effects of organic sulwtances which are now being 
separated and recognized by definite scientific criteria, the biological 
activities, the various tyi>es of bacteria or their antagonists, the pr(^ 
tozoa, all this information in each and every case comes ba(*k practi- 
cally to the (piestion of soil management. How they are controlled by 
tillage, by rotation, by fertilizes; how a just balance between these fac- 
tors is to be sought for the production of a crop of given quality or given 
mass or volume. Such an adjinstmenl must always be a matter of judg- 
ment. Therefore soil management is an art, dependent u]:>ou investiga- 
tions of u large group of sciences, which we can call for convenience, 
agricultura I scien rc. 

In the practice of this art the lalmrs will much lightened if the 
exj)ei*t has an intelligent clientele. No effort should be spared to bring 
the modern concept of the soil and its isolation to crop production to every 
farmer in the community'. Ft will lie found moi^* intei’esting and more 
reasonable than the stereofyi>ed views which have ]>re(*eded it and so 
long maintained their sway. And with an assimilation of these ideas 
will come a mutual understanding l)etween the farmer and the exjKni:. 
With a rtK’ogiiition of the fact that the soil is an individual and must l)e 
treated as such will come an effort on the part of llie farmer to adjust 
his management to it, and enable him to put before the expert a clearer 
jneture and to formulate a cleaner question when difficulties are en- 
(‘ountered. Nothing is iiioi*e trying to the soil investigator than to l)e 
sent a sample of soil and to be asked to analyze it and tell what fertilizer 
it needs and wdiat enqw wall giwv on it. But yet the question is a fair 
one under past c-onditions and the expert has no one to blame but him- 
self for the fact that the layman does not know that no stereotyped 
method of examination, physical, chemical, or biological can possibly tell 
what a dynamic system will do under a specific but dynamic environment. 

Quite recently there has been a great public aw^akening in this country, 
a prominent feature of which is a greater appreciation of the iiniportance 
of the nation’s soils. The time is rij^e for the minds of the people are 
in a receptive mood for the newer knowiedge which such gatherings as 
this are making available, fcjurely the fanner will take a keener and more 
intelligent interest in his soil when you show’ him that instead of being 
a dead, inert mass of rock and plant debris, it is scarcely less active than 
his stock; that changes are going on in it all the time, changes which 
are as suweptible to control as the feeding and working of his stock. 
That each field is an individual which he must continually study, coax, 
ifepress or force as he w^ould his grewing herd. The true soil manage- 
mumt absolutely pi^ecludes monotony, for never twice does the same field, 
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even with the same crop, present just the same problems, and no 
stereotyped practice can bring the l)est results aiKv more than a stereo- 
tyj>ed “analysis'’ will enable you to advise him. 

The 8tate of Michigan is to be <‘ongratulated in that the Academy 
of Science recognizes the importance and the characler of soil investiga- 
tions by formulating the comprehensive program of today. The State is 
to be congratulated that the State Agricultural (^illege and Experi* 
ment Htation have inaugurated the comprehensive and coordinated in- 
vestigations whicli have made possible this program. For alone, neither 
the chemist, the jdiysicist or mineralogist, nor the biologist (‘an longer 
hope to advance in soil work. Each must have the continued assist- 
ance of the others. No longer can the Michigan farimn* continue with 
Huecess the methods of his fattier or grandfather. He must develoy) a 
judgment that will enable him to handle ea(*h parti(*ular field accord- 
ing to its own individual merits for definite crops or rotations. To 
this end he can now command invaluable assistance from the soil sur- 
veys; from the office of the experiment stations; and from the jirofessors 
in the State Agri(‘ultural Follege. Above all, from his own observa- 
tions and deductions (an he get direx-tion for the future. But to get 
intelligent counsel from reading, observation, or expert, the farmer 
must know the nature of his problem and the (‘haracter of the principal 
processes taking place therein. 

To sum up, the principal points that 1 wiaild like to emjdiasize are: 
That soils are conijilex, but that they are susceptible to management 
and the development of high efficiency; that the meth(Kls for doing this 
are fairly well known; that in its major outlines the theoretical basis 
of soil management is fairly simple, and that its practice is rapidly 
be(’oming a highly develojied art which ikhmIs for its best appli(^atiou 
a comprehensive coordination of the labors of the ])hysi(*ist, chemist, 
biologist, and other investigators, and a clearer uiiderstaudiiig between 
the layman and the expert as to how they may be mutually helpful. 

Washington. 1). C., April, Ifill. 
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RELATION OF THE RURAL HIGHWAYS TO THE CONSERVA- 
TION OF MICHIGAN’S RESOURCES. 

FRANK F. ROGERS. 

It has been said: “That nation can longest survive in the struggle 
for existanoe and supreinaey which can most nearly supply all tlie 
needs of its jieoj^le without going into foreign markets to purchase 
them.” That is, the nation that from its soil, its mines and its work- 
shops can produce all that is really necessary for the sustenance of 
its peoj)le can most successfully resist attacks from without, whether 
in the form of military or commercial warfare. It has also been said 
that the United Htates more fully than an}’ other nation ])ossesses these 
j)otential resources. 

Now, if we will look over our own state, I am sure that we shall all 
agree, that of all the states in the Union, Michigan is, or could be, 
the most nearly self-supporting. Its wide rjinge of agricultural i>ro- 
ducts covers most of the fruits, grains and vegetables, including the 
sugar beet, wliich practically supplit^s the sugar consumed by us, or 
its equivalent in weight. The forest products of Michigan once seemed 
inexhaustable, but unfortunately they were not conserved. Even now% 
we have enough cut-over land and young grow^th, if the forest tii*es 
could be kept away from it, to supply our timber needs ind(*finitely. 
We have the most important minerals, such as coal, iron, copper, salt, 
gypsum, marl, limestone, etc. These products have not only made 
manufacturing possible, but very profitable. Finally, since a few large 
coi’porations have discovered that w^e hav(‘ thousands of horse-i)()wer 
running to waste in many of our rivers, we are just beginning to wake 
up and plan what we can do to conserve the remnant of this heritage 
that is left us. 

With one exception, (*otton and its })roducts, it looks as if Michigan, 
if compelled to, could live within itself and ]>roduce all that is renlly 
necessary for the well being and comfort of its people. While the wunter 
is not advocating any such foolish policy, it is good for us at times to 
look about us and admire, not only the becauties suggested by the in- 
scriidion on our seal, but the material w’orth of the many gifts that 
nature has bestowed upon us. 

Michigan is credited with a land area of 57,480 squares miles, (Ninth 
Annual Report of Michigan Academy of Science), which is e^juivalent 
to *16,787,200 acres. In 1900 it had 203,261 farms aggregating 17,561,698 
acres, wliieh is nearly 48% of the areii of the State. Of this farm land 
11,799,250 acres, or 67.2%, were reported as cleared and more or less 
under cultivation. These farms, equipped with machinery and stock, 
represented a total value of f690,355,734, w^hich sum is neaily 40% of 
the present assessed valuation of the State. 

From reports of the Secretary of Slate, I leam that these farms pro- 
duced in 1910 15 million bushels of wheat, 54% million bushels of corii, 
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46^ million bushels of oats, 1% million bushels of barley, 6 million 
bushels of rye, % million bushels of buckwheat, million bushels of 
potatoes, 6 million bushels of beans, % million bushels of peas, 6% 
million bushels of apples and one million bushels of peaches besides 
numerous small fruits. These, added to 900,000* tons of sugar beets and 
2% million tons of hay, make a grand total of 8 million tons of farm 
products, a large percentage of which must be hauled over the country 
highways before reaching ihe local markets. In addition to this a 
large tonnage from the forests and mines also passes over the country 
roads, so that it is doubtless within the truth to say that fully 8 mil- 
lion tons of freight are annually haifled, a greater or less distance, over 
the country highways of this state, to say nothing of their use for 
other purposes. 

Lord Bacon said: ^‘Tliero be three things which make a nation great 
and prosperous, a fertile soil, busy workshops and easy conveyance for 
man and goods from place to place.” We have taken a brief inventory 
of the products of the soil and now begin to realize something of the 
magnitude of tlie transportation problem of our state from the 
farmer’s standpoint. As most of the goods from the mine and factory 
are usually delivered to the railroads direct, with little or no wagon 
haul, that phase of the problem may be overlooked in this discussion, 
except as above noted. 

The waste in ihe exi>enditure of the present large sum annually going 
into the up keep of our highways due to poor and antiquated methods 
together with misdirected work, added to the waste caused by the trans- 
portation of our products over roads much poorer than they should be, 
present a held for the conservation of a part of our resources large 
enough to demand serious consideration from the best citizens of our 
commonwealth. 

The transportation facilities of Michigan at present are: 1620 miles 
of coast line on the Great Lakes, 8,592 miles of steam railways, ex- 
clusive of second tracks, sidings and proprietary lines. (1909 Iiepoi*t of 
Michigan Railroad Commission), 992 miles of interurban electric roads 
and approximately 70,000 milea of public wagon roads outside of the 
corporate limits of cities and villages. This equals 1.23 miles of high- 
way for each square mile of area and one mile of highway for each 86 
persons, according to the 1900 census, the figures for 1910 not being avail- 
able. 

The cost of trans})orting freight on the Great Lakes has been re- 
duced on long hauls to about one mill per ton mile, on the steam roUds 
to about 5 mills per ton mile, while on the average rural highway, 
with animal power, it still ranges between 20 cts. and 25 cts. per ton 
mile. On the best English highways, with power tractors,, the cost 
has been reduced to about 5 cts. per ton mile. 

The average length of haul for farm products in the United States 
was determined by the Department of Agriculture as 12.1 miles. Pro- 
fessor I. O. Baker takes exception to this and determines it for the 
state of Illinois at 4.8 miles. Michigan is not so thickly covered with 
railways as is Illinois, and if we assume the average haul for this 
state at 6 miles, we shall certainly be giving our factor of ignorance the 

* A later report from the secretary of Michigan Sugar Company shows that 1,679,400 tons of beets 
were grown in M^ch gan in 1910. 

9 
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beueflt of the doubt. Now, the difference between the cost of’ moving 
this 8 million tons of freight over the country highways in their present 
condition an average distan(‘e of 5 miles and the cost of moving it over 
the kind of roads we should have, i*epresents a part of the money we 
hope to conserve when, even our main traveled highways become good. 

Prom the figures above given it is apparent that this cost could be 
cut, at legist in the middle. A saving of 10 cts. per ton mile for this aver- 
age haul of 5 miles on 8 million tons of farm i)rodu<*ts would mean a 
saving of |4,000,(KH) annually 1o the people of Mi(‘higan. Possibly this is 
visionary, but it is hard to show flaw^s in the reasoning. 

However that may be I seldom indulge in vsuch arguments, for I prefer 
to deal more si>e(*ifically with ^^'hat might be accomplished with the funds 
now available for road i)urposes in the state. 

The following table show\s the towmsbip and county road taxes levied 


and collected in 

Michigan since 1901 : 



YEAR. 

TOW’XSHIP TAX. 

COUNTY TAX. 

TOTAL TAX. 

1«01 

12,253,0.39 45 

fl 66,441 76 

$2,419,481 21 

1902 

2,462,816 20 

179,826 45 

2,642,642 74 

1903 

2,600,727 04 

239,031 58 

2,8:19.758 62 

1904 

2,937,219 69 

266,555 79 

:{.203.775 48 

1905 

2,97(i,077 47 

285,963 80 

3,262,041 27 

1906 

2,985,980 17 

420,.321 10 

3,406,310 27 

1907 

3,091,647 59 

421 ,.307 07 

3,512.9.54 66 

1908 

2,916,817 01 

529,4.52 45 

3,446,269 46 

1909 

3,014,344 94 

741,868 0.5 

3,750,212 99 

1910 

3,264,049 ,30 

8,59,157 50 

4.12;l,20«i 80 

Total 

128,500,727 95 

!|H,1(W.925 55 

$32,610,65.3 50 


The yearly average is 1-10 of the above totals. 

Thei^e figures show an average highway tax of 13,261,065.35 for these 
.10 years. The int rease has l>een gradual, there being only two years 
when the tax was not higher than that of the jireceding year. The total 
increase in 10 years is more than 70%. 

Tn 1907 statute labor for highw’^ay maintenance was abolished and all 
highway taxes in the state are now ])aid in cash. Even this change, re- 
duced the tax of 1908 less than over the tax of 1907. 

But Michigan should not be satisfied with her progress in road better- 
ment. T believe that it is easily possible to gravel or macadamize all the 
leading highways in the state within the next tw’o decades, with but 
slight increase in the jiresent rate of taxation, w^ere all the money used 
to the liest advantage. The problem is not so much one of raising more 
taxes, as how^ best to use the money already at our disposal. 

Not more than one fifth of our 70,000 can be edassed as main traveled 
roads. As heretofore shown we have less than 10,000 miles of rail- 
roads, including the interurbari lines, which reach all of the cities and 
nearly all of the villages in the state. If to these we add 4,000 miles 
of highw'ays, making a total of 14,0iK) miles, there can be no question 
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but every hamlet would be reached and every important artery of travel 
included in the system. 

Michigan’s state reward road law liecame operative in 1905. It pro- 
vides for paying a bounty ranging from f250 to |1,000 a mile for roads 
completed in the manner prescribed by the state specifications. The re- 
ward on gravel roads is f500, and on maradam roads fl,0(>0 a mile. 

In the five veut^ ending July Ist, 1910, there had been completed 545.5 
miles of roads on which state rewards were paid. 297 miles of this 
were gravel, 2J4 miles macadam, and 14.5 miles were the various other 
kinds of roads on whicdi state rewards can be paid. 

The money raised by state taxation to pay these rewards is not in- 
cluded in the highway taxes above given. 

Taking the 545.5 miles of road completed previous to July 1st, 1910, 
the date of the I )epartiiient's last biennial repoi-t as a basis, we find the 
average cost of im])roved roads of all kinds to be $H,180 a mile. The 
average state reward paid per mile was $719; hence after deducting 
the state bounty, the average net cost to the community building the 
road was $2,4(51 a mile. Now, taking (be $4, 12J, 20(5.80 highway tax of 
1910, for example, what c<mld we have accomplished? 

Last year the coiumissi<mer’s reports show that $(5J1,.505, an av’^erage 
of about $9 j)er mile, were expended on bridges and culverts, while 
$859,157.50 of the above amount were ejcpended in the constru(*tion of 
county i*(>ads. Deducting these two sums from the total highway tax 
above giv^en we have left $2,(>J2,544.J0 which went into the ujckeep of 
our 70,000 miles of highways and such permanent work as may have 
been done by the several townships. It is an average of about $J7.(50 
a mile. 

Where the King drag, or other kinds of drag that accomplish the same 
purpose, have been systematically used, it has been proved that well 
graded and drained earth roads on clay or loamy soils (*an be kept in 
good <*onditioii, at all seasons of the year when it is possible for ’such 
roads to be goo<l, at a total annual cost of iniu*h less than $10 a mile. 

Mr. K. I. Sawyer, county road engineer of Menominee County, re 
ports that a thorough system of dragging followed u]) the entire seasoh 
reduced the cost of ui)-keep on the earth roads under county supervisi<»Ti 
from $28.17 a mile in 1909 to $8.65 a mile in 1010, at the same time 
keeping the surface in ns good or l>etter condition than formerly. This 
is a net saving of $19.52 a mile, or more than (59^/ . 

About 40% of the roads of Michigan are so sandy that this kind of 
treatment is of very little use. In fact very little money should be ex- 
pended on such nwids, ex(*ept to maintain a fairly even surface and ccwi- 
seiwe the moisture until such time as they can be given a hard surface. 
But sui>poHe we should expend $l(t on every mile of road in tb ^ state 
each year, it would only take $700,000 and would letive $1,932,544.30 
that could and should be used for permanent work. At ^a net average 
cost of $2,4(51 a mile to the communities building, (and that has been 
the average for the past 6 years) this sum would construct 785 miles 
of improved road in the state each year, and would comi)lete the entire 
14,000 miles of main highways in the state in 18 years. 



68 


THIRTEENTH REPORT. 


To do this the state would have to raise sufficient funds to pay the 
bounties and necessary supervision, which would mean a state appro- 
priation of not less than |600,000 annually. Last year 276 miles of road 
were built on which state reward was paid, an increase of 26% over the 
previous year. It now looks as though the state bonuses that will be 
paid during the present fiscal year would show an increase of more than 
40% over those of the previous year. If this rate of increase can be 
maintained, three years from now we may hope to be building at the 
rate of 800 miles a year and thus make it possible to see our trunk 
line highways completed uithin the next 20 years, but not without a 
cost far in excess of the figures given. 

Lansing, Mich., April, 1911. 
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PROGRESS OF THE GEOIX)GICAL AND BIOT^GIOAL SURVEY 

OF MICHIGAN. 

B. C. ALLESN^ DIRECTOR, AND A. G. RUTHVEN, CHIEF FIELD NATURALIST. 

Geology and Topography by R. 0. Allen, 

Menil:>ers and friends of the Michigan Academy of Science: 

In accordance with the invitation of the Academy so courteously ex- 
tended to us last year I have the pleasure to transmit to you a report 
of the progress of the Michigan Geological and Biological Survey. The 
work of the department of Geological and Biological Survey is conducted 
under three divisions, each of which is provided with a separate appro- 
priation. These divisions are: 

1. The division of Geology established by the law of 1869, providing 
for a continuing appropriation of f8,0(>0 annually. 

2. The division of Topography which is conducted under special ap- 
jwopnation from the legislature, the appropriation for the fiscal years 
1909-1910 and 1910-1911 being |2,000 per annum. 

3. The division of Biology established by law of 1905 which is also 
conducted under si)ecial appropriation from the legislature, the appro- 
priation for the fiscal years 1909-1910 and 1910-1911 being |1,000 per 
annum. 

The law of 1869 as amended provides that a survey shall be conducted 
under an ex-officio board, wiiich shall be composed of the Govenior, Su- 
perintendent of Public Instruction, and the President of the State Board 
of Education, who shall constitute a Board of Geological Survey. This 
Board is directed to “appoint and commission a suitable pei*9on, possessed 
of the retjuisite knowledge of the science of geology, who shall be Director 
of the Geological Survey hereby instituted.^’ The Director has, by cus- 
tom, since the passage of this law, lieen called the State Geologist. The 
act of 1905 establishing a biological survey reads in part, “that the 
Board of Geological Survey is kereby authorized and required to make, 
under the dii*ection of the State (i^ologisft appointed by them, a thorough 
biological survey of the state.” It appears then that the State Gefdogist 
referi-ed to in the law of 1905 and the Director of the Geological Survey, 
the position established by law of 1869, are one and the same person, 
so we have, therefore, in this state as constituted at present, a Geological 
and Biological Survey under the direction of a Board of Geological Sur- 
vey and prosecuted under supervision of a Director, whose appointment 
and commission is provided for in the law of 1869 as amended and who is 
referred to in the law of 1906, establishing a biological survey, as a State 
Geologist. 

At a meeting of the Board of Scientific Advisers in April, 1910, it 
was recomiMnded, and approved by the Director and the Board of Geo- 
logical Survey, that the organization be called the Michigan Geological 
and Biological Survey, 

The division of Biology is conducted under the direct charge of a Chief 
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Field Naturalist, wlio is api>oiuted by the Director, with the approval of 
the Board of Geolog^ical Hiirvey. Dr. Ruthven rei>orted to you at the last 
meeting the i>rogress of the biological survey and will report to you at 
this meeting the i»rogreRs of the biological surv’ey during the past year. 

The rejKirt upon the progress of the geological and to|>ographic woi*k 
whic h follow covers the j»eriod from my appointment, Repteuiber 1, 19(19, 
to date. 

Gl?X)LOGY. 

Active field work has l)een ]>rose<‘uted in the Northen) Peninsula in 
both the copper bearing and iron bearing districts, and in parts of the 
Southern l^eninsula. 

Northern Penhhwhu 

(\)l)per Oountry: Report on the Geology of the Keweenawan or Cop- 
])er Bearing Rocks. 

My predecessor. Dr. A. C. Lane, liad, during his long |>eriod of seivices 
as State Geologist, l)econie esjK^cially conversant with the geology^ of the 
Keweenaw'an or copj^er lK?aring iwks and at the tinie his resignation be- 
<*ame etfective had i)artially completed a monograph on the Keweenawan 
Series of Michigan designed to Ik* an exhaustive trwitise embodying all 
information of scientilic and economic impoi*taiice on the subjects treated. 
Dr. Lane was therefoie requested to conuplete his work as soon as prac- 
ticable and money wms ai^jiropriated for the imrpose from our funds. 
The Survey has (‘o*oj)erated with Dr. Lane in bringing this work to suc- 
cessful completion. Mr. Karl S. IMeuche was em]4oyed as assistant to 
Dr. Lane. The manusciijit of this i‘ejw)rt is now comi)lete and ready for 
publication. 

Iron Region: Re|K>rt on the Geology of the Iron River District. 

Prior to his appointment as State Geologist the writer had been en 
gaged by the Board of (k‘ological Survey to make a survey and ivj>ort 
ui>on the geology of the Iron River district. Field work w^as prosecuted 
during the summer of 1999 and also during a part of the summer of 
1910, wiiich was followed by a rej^ort, published and distributed in 
February, 1911. 

Geologic Ma]>]»ing Wi^at of the Iron River District. 

During the summer of 1910 a party of from 4 to 7 men W'ei*e engaged 
in geologic mapping of 11 townships, viz.: T. 45 N., R. ,‘15 W„ Tps. 42, 
4a, 44 and 45, R. .30 W., Tps. 42, 4.3, 44 and 45, R. .37 W., and Tps. 43 
and 44, R. 38 W., lying west of the Iron River district. Blue prints of 
the field plats may be obtained at cost on a}>plication. The C(»mpletiou 
of (he work on the Iron River district and the mapping of these town- 
ships forms a very good beginning on the general plan of mapping as 
rapidly as possible the unmapped Huronian areas of the Northern Penin- 
sula. A rew'ard of careful magnetic work, which was carried on simul- 
taneously with the geologic mapping, w^as reaped in picking up a mag- 
netic belt in Section 16, T. 43 N., R. 37 W., and carrying it thence w^eeit- 
ward over a deeply drift-covered area where there are no rock expos-* 
ures, to the state boundary in Section 16, T. 43 N., R. 38 W.^ a distance 
of about 6 miles. This magnetic belt is doubtless underlain by iron 
baring rocks w^hich in the future will be explored by drilling, with the 
probable result that bodies of iron ore will be discovered and exploited. 

A map of the Surface formations and soils of tl^e northern peninsula. 
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During the past 5 years the survey has l)een co-operating with the 
TJ. H. Geological Survey in the mapping and study of tlie glacial or 
surface formations of the Northern Peninsula. The field work was com- 
})leted under charge of Prof. Frank Leverett during the summer of 1910 
and a map on a scale of six miles to the inch is now tinislied and ready 
for publication. It will show in appropriate colors and symbols the 
distribution of the various classes of soils and the features of glacial 
geology, etc., on an excellent black base. It is planned to issue an edi- 
tion of 8,000 of this map and a new^ edition of 8j(MjO of a similar map of 
the Southern Peninsula, whi<*h w’as published in the auniial report for 
1907. These mai*s will be accompanied by a descriptive text by Prof. 
J^iverett, written in simple style in order that it may be fully coin- 
jirehended by the average Michigan farmer. We have now on file many 
advance applications for this work. It will aid very materially in the 
agricultural development of the unpoimlated aj‘eas of the Northern 
Peninsula and the northern half of the Southern Peninsula. The publi- 
ration of these maps and descriptive text is timely, in view of the 
awakene/l interest in agricultural development, especially in many parts 
of the Northern Peninsula. 

" Southern PeniuHula. 

Report on the Monroe Formation of Southern Miehigan and Adjoining 

Regions, 

The work of Professors Grabau and Sherzer which has be<m in pro- 
gress for several ycjirs has b(*t*n <*ompleted and issued as Publication 2, 
(TCM)logical Series 1. This is a monographic report of about 259 pages, 
not including about 190 pages of plates and descriptions of fauna and 
tlora. The exe<‘ution of this w’ork does credit to the ability of the 
authors and the painstaking care with which the work has betm done. 
The high i)raise accorded it by the lay and scientific* public is a source 
of much gratification to the Survey. 

Report on the (Heologg of Arenae (^(tuntjj. 

The text of a report on Arenac county, by l^rof. W. JM. Gregory, has 
been completed and is nmdy for i>ubli<*ation. This report is charac'ter- 
ized by the same thoi*oughness of treatment which marks the volumes 
already published on Moni^oe, Hui*on, Sanilac, Hay and Tuscola counties. 

Report on the Oeotogg of Wagne Countg, 

A rei)ort on the geology of Wayne county is in the course of prepara- 
tion by Prof. W. 11. Sherzer. This work should be ready for the }>ress 
before July, 1911. We have had many retpiests for this work in ad- 
vance of its publication. It wu*ll tmit in a manner easily compi’ehendeil 
by the I'eader of average intelligence of the geology, physiography, soils 
and mineral products of the most populous county of the state. 

Report on the Salt Industry. 

Field work in the preparation of a report on the salt industry of 
the state was begun by Mr. G, W. (vook in June, .1910, and continued 



72 


THIRTEENTH REPORT. 


throughout the summer. Woric in preparation of this report is being 
pushed as rapidij as possible and it is hoped that it will be finished be- 
fore the end of 1911. 

A General Geological Map of the State. 

It is planned to issue a general geological map of the state on the 
black base, scale six miles to the inch, used for the soil map above 
mentioned, the same to be accompanied by a short descriptive text 
setting forth in a manner easily comprehended by the iion-technical 
reader the salient features of the general geology, including brief de- 
scriptions of the rock formations in the order in which thej' occur in the 
geological column, with special reference to features of economic im- 
portance. This text is designed only to render the interpretation of 
the map intelligible to the average reader. There have been received 
a large number of requests for this map from the schools and educa- 
tional institutions of the state, citizens, and fi’om many sources outside 
the state. 

Report on Earthquakes in Michigan and the Tiltinfj of the Basins of 

the Great lAikes, 

This report which is ready for press, has been prepared by Prof. Wm. 
H. Hobbs. It will have sy)ecial value to school and college libraries and 
teachers of physiogiaphy and geology. The text is beautifully illustrated 
with numerous pen drawings especially prepared for this report. 

Correspondence. 

The Survey receives by mail many requests for information on sub- 
jects of wide range. These receive the personal attention of the Di- 
rector and constitute no small draft on his time when not on duty in 
the field. Some idea of the number and character of the inquiries re- 
ceived may be gained by a glance at the tabulation below, which includes 
only such inquiries as have been answered by letters. Bequests for 
publications, i. e., reports, maps, etc., are not included in this classifi- 
cation, nor the many requests delivered in person in the oflBce. Some re- 
quests are for information on two or more subjects which explains the 
higher total under classification by subjects. Neither list includes a 
large number of inquiries which have l^een received by the Chief Field 
Naturalist in charge of the biological division. 

By calculation it has been ascertained that the number of requests 
for information thus far in this year exceed those of last year by about 
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(Tlaaaification of Inqniriea by LocaMtiea from Which They Were Re- 
ceived. 

July 1, 1909, to December 14, 1910 (inc). 


Alcona 
Allegan . 
Alpena. . 
Antrim . . 
Baraga. 


County. 


No. of 
inquiries. 


1 

1 

2 

4 


2 


Lapeer 

Lenawee 

Luce. 

Mackinac*. 

Macomb.. 


County. 



Barry. 

Bay 

Berrien.. 

Branch. 

Calhoun. 


1 Manistee 

6 Marquette . 
3 Mason... 

1 Mecosta 

7 Menominee 


Cass 

Charlevoix. 
Cheboygan.. 
Chippewa.. 
Clare.. . 


2 

10 

10 

6 

1 


Mi.**saukee . 
Monroe. 
Montmorency 
Muskegon 
Oakland . 


Clinton.. . 
Delta. . . 
Dickinson . 
Eaton.. 
Emmet.. . 


1 Oceana. 

9 Ontonagon 
6 Osceola . 

2 Oscoda 

3 Ottawa.. 


Genesee 

Gogebic 

Grand Traverse 
Gratiot.. 
Houghton . 


8 

2 

6 

6 

14 


Presque Isle . 

Hoscommon 

Saginaw 

Sanilac 

Schoolcraft 


Huron. . 
Ingham . 
Ionia . . 
Iosco.. . 
Iron . . . 


3 

7 

2 

2 

20 


Shiawassee 
St. Clair 
St. Joseph 
Tuscola 
Van Buren 


Isabella . 
Jackson . 
Kalamazoo 
Kent.. . . 
Keweenaw. 
I^ake 


11 

4 

12 

24 

2 

1 


Washtenaw . . 
Wayne. 

Wexford 

Outside the State.. 
Foreign countries. 


No. of 
inquiries. 


1 

3 

3 

1 

3 

1 

11 


1 

19 

81 

1 

311 

21 


Total.. . 


732 


CC^CCOtC CCI^QC' 
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Classification of Inquiries hy Subjects, 


Subjf‘ct. 


Altitudes 

Biology 

Bromine 

(>ement 

Clay 


No. of 
inquiries. 


1 Maps 
52 Marl 
1 Minerals 
1 1 Miscellaneous 
4 Oil 


Subject. 


No. of 
inquiries. 


174 

8 

ao 

100 

16 


(7oal 

Copper. 

Drainage 

Fos.sil.s 

Oas. 


26 

12 

a 

4 

10 


Peat 
Salt . . 

Sand . 
Samlst one 
Shale 


51 

18 

9 

1 

1 


Geology, general 
Gold . 

Granite 

Gravel 


110 

4 


2 

2 


Soda 

Soil 

Stone 

.Swamps 


1 

26 

5 

7 


Gypsum . 

Iron 

Lime 

Lime.stone 


18 Topography 
18 Water 
a Wells 
8 Zoologiial 


7 

17 

7 

1 


Total. . 


769 


Identification of Specimens, 

A larj»’e iniiiibei* of mineral .s|}eeimen.s luive been reeeiml from i>ros- 
fieetors and others witli retjnests for identification and other information 
coucerninjTf them,. In man,v cases the sjiecimens ai*e accompanied by re- 
tpiests for chemical analyses. The Survey does not maintain an analyti- 
cal laboratory, and even if it did it would jirobably not Ik* wist* to com- 
pete with i)rofe.ssional analysts in making analyses for jirivate indi- 
viduals. liowever, in a peal majority of instances the sjK*cimens have 
been fully identified, where necessary by qualitafive dry and WTt tests, 
and the information furnished fiee of charj*e, thus saving; the cost of a 
chemical analysis. 

Mineral Statistics, 

The Survey has undertaken the collection of mineral statistics for the 
year IblO, in co-operation with the V, S. Oeolopcal Survey. The statis- 
tic.s include complete totals of quantity and value for all metallic and 
non-indallic jiroducts of the state. As soon as the returns for any 
})rodu(*t have been received and tabulated the same will be distributed 
to the press of the state and the conuplete statistics for all the products 
will Ik* issued in a separate laiblic^ition of this department. 

It is planned that the <*olle(‘tion and i>ubli(‘ation of complete statistics 
of mineral production in the state will heiTafter be an imi>ortant and 
useful feature of the work of this department. A reiKirt bearinj^ the 
Ktati.stics of mineral production should be issued on the followinji: plan : 

(1) The j*( iK)rt should appear promptly as soon as possible after the 
close of each year; (2) it should give com]>lete statistics for all branches 
of the mining and allied industries, including metallic and non-inetallic 
pfodiicts; (3) it should be accompanied by maps and sketches giving loca- 
tion of mines, quarries, etc., and (4) it should contain a general resume 
for the year of mining conditions in the state, as nearly as i)ossible by 
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districts and products, witli special i^eference to new explorations and 
the bearing thereon of ])ossible extensions of known mineral producing 
areas and discovery of new ones. 

It is not to be exfiected that the first i‘eiK>rt, i. e., for 1910, will embody 
all of the above featui*es but it is hoped that all of these will be included 
in subsecpient i*eports. 

Chauffr. hi Form of Piihlication, 

Tn a meeting of the Hoard of Scientific Advisei*s held April 8, 1910, 
there was considered a plant for improvement in the form and methods 
in use in the i>rinting and binding of the I’ejxu'ts of the (leological and 
Biological Survey. The plan which was adopted on the approval of the 
Board of (leological Survey, and also with the approval of the Board of 
State Auditors is outlined Mow: 

(1) The ]>lan of binding all of the reports of the Board of Geological 
Survey issued for one fiscal year under one separate (*over shall be dis- 
continuod. 

(2) The geologic and biologic reports shall be in no case l>ound to- 
gether in the same volume. 

ReiKirts. either geologic or biologic, dealing with closely related 
subjects, at the discretion of the Board of State Auditors, may be bound 
in one volume, 

(4) h]a<*h separate volume, exclusive of the executive reimrt of the 
IHrector, shall form on<‘ of a new series, in which the volumes' shall he 
numbered cons(‘cntively in the order in which they are published. 

(5) The administrative and exe<*utive report of the Diiwtor shall be 
isMied annually as [irovided in Section (», (1mpt(‘r 55, Compiled Laws of 
Michigan 1S97, and shall constitute, with other publications in a given 
year, the Annual Report of the Board of Geological Survey. 

In addition to the above, the style and quality of the binding, the 
chara< ter (if the print and the (juality of the text and plate pai)er have 
been imiiroved, to the end that now our rejmrts are on a par with the 
best of those issued by the federal and other state geological surveys. 
Publi(*ations 1, 2 and have already apixmi'ed under this new plan of 
publication. 


Puhlicatioufi fn-HUcd Hinrc l^cptemhcr 1, ]!)09, 

Annual repoH for 190S. Two volumes. 

Volume 1. 492 pages. 2 plates. 0 figures. 

Bart 1. Administrative rejmrt of the State Geologist, A. C. 
Lane. 

Part 2, Geological ScH.*tion of Mi(*higan for Geologists, Teach- 
ers and Drillem by A. O. Lane and A. E. Seaman. 
Part X Geology of Tuscola County by C. A. Davis. 

Part 4. The Intrusive Rocks of Mt. Bohemia by F. E. T^’?l*ight. 

A jmrt of the edition of Parts 2, 2 and 4 of Volume 
1 are bound separately in paper covei^. 

Volume 2. An .Ecological Suiwey of Isle Royale prepareti under the 
direction of Clias. C. Adams. 93 plates and figures. 
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Aiimual report for 1909. 

Publication 1, Biological Series 1. 95 pages. 17 plates. 

Containing : ‘ 

The Ordwfislies of Michigan by A. S. Pearse. 

The Insect Galls of Michigan by Mel T. Oook. 

The Birds of School GirPs Glen by A. D. Tinker. 

Preliminary List of the Sites of Aboriginal Remains in Michigan 
by Harlan I. Smith. 

Publication 2, Geological Series 1. 248 pages. 33 plates. 9 figures. 

The Monroe Formation of Southern Michigan and Adjoining 
Regions by A. W. Orabau and W. H. Sherzer. 

Annual report for 1910. 

Publication 3, Geological Series 2. ICO pages. 17 plates. 18 figures. 

The Geology of the Iron River Iron Bearing District of Michi- 
gan by R. C. Allen. 

Beady for Puhlication. 

The Geology of the Copper Bearing Rocks of Michigan by A. C. Lane. 
2 volumes. 

The Geology of Arenac County by W. M. Gregory. 

A Soil Map of the Upper Peninsula of Michigan. Scale 6 miles to the 
inch. 

Earthquakes in Michigan by Prof. VV. H. Hobbs. 

Itt Preparation, 

The Geology of Wayne County by W. H. Sherzer. 

The Salt Industry of Michigan by C. W. Cook. 

The General Geography of Michigan by L. H. Wood. 

PROGRESS OF THE TOPOGRAPHIC SURVEY IN MICHIGAN. 

The ultimate aim of the topographic survey in Michigan is the map- 
ping of the entire area of the state, 57,980 square miles, in units of 
15' of latitude by 15' of longitude, each unit being issued as a separate 
sheet on a scale of 1:62,500, except in certain areas where for special 
reasons a larger scale is more desirable. 

When the survey is completed we shall possess a topographic atlas of 
the state which will consist of the unit quadrangles showing besides 
topography, all highways, railroads, trolley lines, the drainage, natural 
and artificial, and all permanent cultural .features, including location 
of buildings at the time survey is made, bound together, with a key map 
on which the relative position of each separate sheet is indicated. It is 
not necessary to urg-e before this Academy the value of such an atlas 
of the state nor the urgent desirability of its completion at the earliest 
possible moment. 

Up to the present time a total of 4,924 square miles, or about 8% 
of the area of the state has been surveyed including sixteen 15-minute 
sheets in the Lower Peninsula, and in the Upper Peninsula seven 15' 
minute sheets, and four special sheets to accompany geologic maps of 
thq iron districts, and the Calumet Special sheet. Of the work done in 
the Upper Peninsula all has been done at the expense of the U. S. Geo- 
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logical Survey, with the exception of the Marquette sheet which, with 
the 16 quadrangles in the Lower Peninsula has been made in co-opera- 
tion with the Michigan Geological Survey. 

For the fiscal year ending June 30, 1910, there was available for 
topographic work $4,000.00 of which amount half was appropriated by 
The state, and half by the 11. S. Geological Survey. The Mason quad- 
rangle in Ingham and Livingston counties was completed and work on 
the Tiansing quadrangle in Ingham and Eaton counties was begun and 
about half finished. 

Four thousand dollars of joint co-operative funds is available for the 
present fiscal year ending June 30, 1911. Luring the past summer field 
work on the Lansing quadrangle was completed and the map is now 
almost ready for the press. Field work on the Charlotte quadrangle 
will be begun in the spring and continued through the summer. 

In addition to the $4,000.00 of co-operative funds there was appro- 
priated, by the Director of the U. S. Geological Survey on the initiative 
and ])ersona] solicitation of the State Geologist, aided by our repre- 
sentatives in congress, $2,500.00 for topographic work in Michigan for 
the fiscal year 1910-11. This will largely increase the amount of work 
which could be done with the co-operative funds alonp. However, I have 
no assurance that this, or even a smaller amount will be granted by the 
Federal Survey for a period of years, over and above the amount granted 
under the co-operative plan, although the appropriation was made 
initially to the beginning of work on four quadrangles in the Northern 
I^eninsula Tvhich was requested by the Director to be undertaken at 
the expense of the Federal Survey. 

The co-operative funds permit of the completion of about one and one- 
half 15-minute quadrangles per yenr, under the most favorable condi- 
tions. At this rate we shall complete the topographic atlas of the state 
in about 175 years. With ten times our state appropriation, i. e., $20,- 
000.00 per annum, providing that a like amount is appropriates! by the 
U, S. Geological Survey, I esiimate that the work can be completed in 
1.5 years. Twenty thousand dollars a year is, in my opinion, not too 
much to be annually appropriated by the state for tliis work. The 
Federal Survey stand ready to match any appropriation the legislature 
may grant up to $20,000.00. 

Other states have outstripped Michigan in their efforts to complete 
a topographic atlas. The total area of five states has been surveyed, 
six others have surveyed 70% or more of their total area, 18 others 
have surveyed over 30%. Only four other states, viz.: Minnesota, Mis- 
sissippi, Indiana and Florida have so little of their total area surve^^^ed 
as has Michigan. Of these Florida has 3%, Minnesota and Mississippi 
each 4%, and Indiana 8%. No other state has greater need for a topo- 
graphic survey than has Michigan, which in natural resources is second 
to few other equal areas on the continent. 

It will be seen by reference to the table below compiled from the an- 
nual report for 1910 of the Director of the U. S. (^logical Survey, 
that of the states which co-operate with the Federal Survey in topo- 
graphic mapping only one, Virginia, appropriates so small an amount 
per annum for this work as does Michigan, yet it should be noted in 
making this comparison that Virginia has surveyed 70% of her entire 
area and Michigan has surveyed only 
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TABLE SHOWING PROGRESS OF TOPOGRAPHIC SURVEY IN STATES IN WHICH THE 
STATE AND FEDERAL SURVEYS CO-OPERATE. 


State. 

State 

appropria- 
s tion. 

u. s, 

appropria- 

tion. 

Surveyed In 
1909-10. 
Square miles. 

Total 

surveyed to ! 
July 1, 1910.1 
Square miles. 

j 

Total areas 
surveyed to 
July 16, 1910, 
in per cent. 

West Virginia 

gl5.000 

$15,000 


24,120 

99.8 

Maryland. 

3,000 

4,000 

321 

10,771 1 

88 

New York ... 

7,000 

7,000 

649 

40,221 ! 

81 

Virginia ... 1 

1,750 

1,750 


29,980 

70 

Ohio. ... 

15,000 

15.000 

2,022 

27,319 

67 

California.. 

14,000 

14,000 

8,183 

92,914 

59 

Mibsouri . 

4,500 

4,500 

320 

34,692 

50 

Pennsylvania.. 

4,238 

4,238 

629 

22,813 

50 

Kentucky. . 

5,000 

5.000 

329 

16,476 

41 

North Carolina 

2,500 

2,500 

243 

17,661 

34 

Washington.. 

10,000 

10,000 

2,228 

20,764 

30 

Texas. . . 1 

20,000 

20,000 

493 

66,807 

25 

Maine 

3,500 

3,500 

402 

7,801 

24 

Iowa. 

1 , 750 

1,750 

182 

10,448 

10 

Oregon 

2,500 

2,600 

605 

18,279 

19 

Illinois . . . 

17,600 

12,500 

1,136 

10,082 

IS 

Louisiana . . 

20,000 

6,700 

; 300 

8.283 

17 

Michigan 

2,000 

2,000 

1 439 

4,924 

8 

Mirine.sota 

10,000 

1 5,000 

495 

5,582 

4 


The slow progress of the topographu; survey in this state is due to 
the failure of the legislature to appn)pria1e nione;V in proportion to the 
value and importani'e of the work, and in great measure to the apathy 
of the engineei*s, educators, and others who undei^stand the utility and 
the impoi-taiice of a completed topographic atlas from both the economic 
and the purely educational view points. It is necessiiry that the legisla- 
ture be convinced of tlie impoi’tanc^ and value of the toiM)graj)hic atlas 
before it will acquietw e in the expenditure of i)ublic money for its rapid 
completion. Let every resident member of the Michigan Academy of 
Science constitute himself a committee of one to take this matter up 
with the senator and representative fnim the district in which he lives 
urging the desirability of the early completion of the lopograidiic atlas 
of the state and much will be done thereby toward securing an a]»pro- 
priation for this work in keeping with its value and importan<*e to the 
development of the state. 
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BIOLOGY. 

BY ALEXANDER (J. HUTHVEN, CHIEF FIELD NATURALIST. 

At the general meeting of the Michigan Academy of S(*ience last year, 
T reported upon the progress of the biological work of the Survey up to 
that time.^ I stated then lhat four papers were in press, six in jirepara- 
tion, and that a botanical investigation of an area on the west coast of 
Michigan was planned for the summer of 1^10. 

In June, 1910, Bulletin I, Biological Series 1, of the Survey was pub- 
lished. This report Contained the following four papers: 

Pearse, A. S. — The Crawfishes of Michigan, pp. 0-22, 8 plates. 

(N>ok, Mel. T. — The Insects Galls of Michigan, pp. 23-B8. 

Tinker, A. 1). — The Birds of the School Girl’s Glen Region, Ann 
Arbor, Michigan. A study in Local Oniithology, pp. 35-GG, 8 plates, 
1 map. 

Smith, Ifarlan I. — Preliminary Li.st of the Sites of Aboriginal Remains 
in Michigan, pp. G7-80. 

Four papers based upon survey material and published elsewhere 
than in our reports also apjieared during the year. They are: 

Baker, H. B. — Variation in Lyinnaea Hetlexa Say, from Huron County. 
12th Ann. Rept. Mich. Acad. Sci., p]). G0-G3. 

Ruthven, Alexander G. — Notes on Michigan Reptiles and Aiiiphibians, 
II. 12th Ann. Rt‘j)t. Mich. Acad. Sci., p. 50. 

Ruthven, Alexander G. — The Mershon Kxiiedition to the Charity 
Islands, Lake Huron. Science, N. S., XX III, pp. 208-200. 

Poai’se, A. S. — A Preliminary List of the (Crustacea of Michigan. 
12th Ann. Re])t. Mich. Acad. Sci., pp. G8-7G. 

The last paper is to lx* ranked with our monographs, and was ]»re- 
pared by Hr. Pearse for our use. 

I have investigated the status of the other manuscript papers men 
tinned in the A]>ril i*eiw>rt, and find that substantial progress has 
Ix’en made in all of them. The i*eiK>rt on the biological survey 
that was made of the sand region on the south shore of Saginaw Bay 
is in press, and the others will appear as rapidly as they can be finished 
and ^ited. 

Manuscripts now in preparation thht were not listed in the Ajiril 
report are mostly the results of work done last summer or under way 
at the present time. Dr, C. H, Kauffman reports that he and Dr. L. H. 
I*ennington had excellent success last summer in the botanical work in 
the western part of the state. Dr. Kauffman was in the field from June 
27 to September 30; Dr, Pennington from June 27 tt) August 27. The 
field work covei*ed about 350 square miles in AHe^gan, Ottawa and Van 
Buren Counties, and copious notes and a large coll€^*tion of spocamens 
were secured as the basis of a report. 

*12th Ann. Kept. Mich. Acad. Sci., pp. 54«5S. 
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All of the money available from the survey appropriation for the 
year was put into the botanical work in the western part of the state, 
but, thanks to the generosity of Hon. W. B. Mershon, we were enabled 
to send out another party, to the f^harity Islands, Baginaw Bay. Mr. 
Mershon bore the expense incidental to sending five men to the islands 
for different periods of time last summer, and as a result we were able 
to make quite an exhaustive investigation of the fauna and flora. The 
men that we sent up and the groups that they studied were as fol- 
lows : 

N. A. Wood (vertebrates), W. W. Newcofnb (butterflies and moths), 
A. W. Andrews (beetles), Frederick Gaige (ante), and C. K. Dodge 
(plants). These men worked for their expenses, and to their enthusiasm 
and energy is due in large part the excellent results obtained. Large 
collections of the different groups were secui’ed, together with volumin- 
ous notes on habitats, etc. Tlie men are now working on their re- 
ports, which will be published in various journals under the general 
title “Kesults of the Mershon Expedition to the Charity Islands, Sagi- 
naw Bay.” The first one, the general account, has already appetired, 
and the report on the birds, by Mr. Wood, will be published in the 
June number of the Wilson Bulletin. 

In addition to the monographs listed in the last report, we have an- 
other in preparation, “The Amphibians of Michigan,” by Crystal Thomp- 
son and Helen Thompson, This paper is now practically completed and 
awaiting publication. Two other very excellent papers that are await- 
ing publication are a catalog of the more recently described species of 
fiesh-water mollusca, by Mr. Bryant Walker, and a bibliography of 
Michigan archeology, by Mr. Harlan I. Smith. 

The work proposed for next year is as follows: A few weeks work 
(m the Charity Islands in the early summer to supplement the late sum- 
mer and early fall work of last year, a preliminary investigation of the 
mammals in the region of Osceola county, and the collecting of botanical 
material from various parts of Michigan for a slate herbarium. 

In closing I would like to make a plea for m(>re cooperation on the 
part of the members of the Academy. It is of the first importance to 
us to have exhaustive data on the occurrence of each species within 
our limits, but we have experienced considerable difficulty in securing 
such material. From no re-gion hpve we enough data, and from many 
regions we have few or no records for most groups. Thus any records 
of occurrence, even though they are of our commonest forms, are valu- 
able. I wish every teacher of biology, or other interested person, in the 
state would get into the habit of sending us such specimens or notes 
as they have the opportunity to#obtain. We maintain a record bureau 
at the Museum, and every reliable record received is preserved, whether 
or not it comes to us with a specimen. 
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PRELIMINARY REPORT ON THE SALT INDUSTRY OF 

MICHIGAN.* 

C. W. COOK. 

The salt industry of Michigan has had a long and varied history. 
Before the admission of Michigan into the Union, attempts were made 
to manufacture salt from the saline Avalers of springs, both in Macomb 
county and at Saline in Washtenaw county. The statehood act of 1836 
pennitted the reseiwation by the state of seventy-two sections of saline 
lands and for the next twenty odd years numerous endeavors were made 
to develoj) these salt springSr However, the efforts met with continual 
failure and the lands were finally disposed of. 

A small amount of salt was manufactured, in 1842, at Grand Rapids 
by the Hon. Lucius Lyon.^ The price of three dollars per barrel, obtained 
at this time, enabled him to operate without loss but at no profit and 
the attempt was soon abandoned. 

The real beginning of the industry dates from 1859, when the first 
successful well was sunk at East f>aginaw by the East Saginaw Salt 
Manufacturing Co. From then until the present, the growth has been 
practically continuous, until, in 1905, Michigan assumed first place in 
production, and in 1908, passed all other states in the value of the 
produce. 

This progress has been marked by the rise and fall of various districts. 
The Saginaw Valley, with the industry centered at Saginaw and Bay 
City, became the first important district. From here, the industry soon 
spread to Midland, St. Louis, and the towns along the lake shore, such 
as Cas4*ville, Pt. Cre^scciit, Pt. Austin, New River, Pt. Hope*, Harbor 
Beach, and White Rock on the south side of Saginaw Bay; iind Tawas 
City, East Tawas, Oscoda, and An Sable to the north. 

These plants first used the kettle process. It soon gave way, how- 
ever, to the open pan and grainer. Most of the salt blocks were operated 
in connection with sawmills, the refuse (saw dust and slabs) being used 
for fuel in the kettle and pan blocks, while exhause steam was em- 
ployed in the grainers. This undoubtedly lead to the waste of a large 
amount of lumber. As one former operator told me, ‘‘Give us plenty of 
saw dust and slabs, wc don’t care for the lumber” was a common say- 
ing. 

The dependence of salt upon the lumber industry is shown by the 
disappearance of all of the lake shore plants. In fact, even some of 
the towns, such as Pt. Crescent and New River, are now but memories. 
In the Saginaw Valley itself the industry is fast disappearing, so that, 
where once there were over one hundred plants in operation, now but 
nine, including a small plant at Mt. Pleasant, remain. 

Correlative with the decline of the Saginaw Valley industry’, has 

I *PubURhed with the permission of tlie Stale Geologist. 

*Winchell, A., “On the Saliferous Ilock and Salt Springs of Mich." Am. Jour. So. Vol. 34, 2nd 
scries, 1862, p. 309. 

11 
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been the rise of the Lndington-Manistee district, and the I'egion along 
the Detroit and 8t. Clair rivers. 

At present, the Ludington-Manistee district leads in production, hav- 
ing produced, in 1909*, two-thirds of the entire output of the state. - 
Here the industry is likewise associated with the lumber industry, but 
one plant, the Anchor Salt Co., of Lndington, operating independently 
of the saw-mills. Two pwx'esses are in use, the grainer and the vacuum 
pan, and the product, which is sold largely in bulk and barrels, is what 
is known as common salt in counter distinction to table salt. The 
Stearns Salt and Lumber Co. of Ludington, however, is planning to in- 
stall apparatus for the manufacture of table salt. 

The first attempt, in later years, to manufacture salt in the Detroit- 
St. Clair Rivers district was made at Mt. Clemens. While this effort 
was a failure, owing to the fact that the welt did not pierce the rock 
salt but stopped in a brine-bearing stratum above, the brine of which 
was too impure to be Stiecessfully utilized in the manufacture of salt, 
it is esjiecially interesting in that it lead to the discovery' of the remark- 
able curative properties of the Mt. f'lemens mineral waters. 

When later rock salt was found, plants were established at many 
points along the St. Clair River, and then south of Detroit. Ho that to- 
day, companies are operating at Pt. Huron, St. Clair, Marine City. 
Delray, Ecorse, Wyandotte and Oakwood. In addition to these brine 
plants, rock salt is being mined at Oakwood by the Detroit Halt (’o. In 
this district, alt types of manufacture, employed in Michigan, may be 
seen. Thus we find the open pan, grainer. vacuum pan, and Alsberger 
systems all in operation. The majority of the plants also make table 
salt. 

With the exception of the rocksalt produced at Oakwood, salt is 
manufactured in Michigan by the evaporation of brines, both natural 
and artificial. At various times, three different natural brines, each 
of which is obtained from a sandstone, has been employed. These brine- 
bearing sandstones are the Parma, the Napobion, and the Berea. 

The Parma brine, wiiile no longer used on account of its being weaker 
than the underlying Napolei)n brine, is characterized by its purity. As 
may be seen from- the analyses in table I, it is distinguished from the 
Napoleon and Bera brines by a higher percentage of calcium sulpliate 
relatively to the early chlorides. This brine was one of the ft'rst used 
in Michigan and its utilization was limited to the Saginaw Valley. 

^Report State Salt Inspector, 1909. 
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TABLE I. 



1. 

2. 

3. 

4. 

5. 

Calcium sulphate 

3,961 



0.129 

0.33 

Calcium chloride 

5 302 

41 1 

83 00 

31 274 

110.00 

Magnesium chloride 

4.115 

17 6 

31.00 

15 675 

33,47 

Magnesium bromide.. . 


0.712 

1 



Ferric oxide and Alumina 





1.14 

Ferrous chloride 


6 050 ' 

Trace 



Sodium chloride 

152.674 

167 3 

141 00 

176.161 

186.19 

Total solids. . . 

166 052 

226 675 

256.00 

232 803 

331 73 


1, 2, .3, and 4 represents grams per kilogram. 

5 represents grams per litre. 

1 . Parma brine from Gilmore well. Bay City, Michigan. Analysis by Dr. A. C. Goesmann, October, 
IH62. (Geol. Siir. of Mieh. Vol. Ill, p. 181.) 

2. Napoleon brine from Saginaw Salt Co., St. Charles, Michigan. Analysis by ,1. C. Graves, furnished 
by O. C. Diehl. 

3. Marshall brine from the Dow Chemical Co., Midland, Micldgan. Analysis furnished by H. W. 
Dow. 

4. Per a brine from the Ayres well, Pt. Austin, Michigan. (Geol. Sur. of Mich., Vol. Ill, p. 183.) 

5. Berea bnne from the North American ('hemical Co., Bay City, Michigan. (Geol. Sur. of Mich, 
report for 1905, p. 388.) 

The Naiioleon brines (Nos. 2 and 3, table I) which are the source of 
the salt of the Sai^inaw Valley, are characterized by the small per- 
centage of calcium sulphate and the presence of considerable amounts 
of bromine. It will be noted that the amount of bromine and earthy 
chlorides increases relatively to the sodium chloride as we go toward the 
center of the basin. While no analyses are available. Dr. Dow informs 
me that there is a considerable increase at Mt. Pleasant over Midland. 

The Napoleon sandstone is found at a depth of about 650-800 feet 
at Haginaw, 800 feet at Bay City, 1,300 feet at Midland, and 1,400 feet 
at Mt. Pleasant. 

Besides salt, a number of other products are obtained from this 
brine. The Dow Chemical C'o. of Midland manufa(*tures a large number 
of chemicals, among which may be mentioned, bromine, bromides, 
bleaching powder, and chloroform; the Van Schaak Calcium Works of 
Mt. Plejisant produces bromine and calcium chloride; the Saginaw Plate 
Glass Co. has recently installed apparatus to recover the calcium 
chloride from the mother liquor’s from the salt block; and the North 
Amei’iean Chemical Co. of Bay (^ity uses the brine in the preparation 
of chlorates. 

The Berea brine (Nos. 4 and 5, table I) was used by the plants along 
the lake shore in Huron and Iosco counties. It contains an appi*eciable 
amount of bromine, not shown in the analyses, which was m*overed 
from the bittern at some of the plants. 

There are other Michigan brines, which, although they have not been 
used for tire manufacture of salt, are, at present, attracting consider- 
able attention on account of their high content of potassium. Of these, 
two may be mentioned. The first is from the deep well at Harbor 
Beach. It is found at a depth of 1875 feet in what I.»ane^ has called 
the Monroe formation with a question mark. The second is from Muske- 
gon. It is struck at a depth of 2,030 feet in what is probably the Dundee 
limestone. The analyses follow; 

iGeol. Sur. of Mich., Vol. V, Part II, p. 82 . 
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i 

1. 

Grams per 
liter. 

2. 

Grams per 
kilogram. 

Calcium sulphate. . . . 

9936 

4.22 

Calcium chloride ... . . 

62 . 6636 

54.10 

Magnesium chloride .... 

5 3542 

14.97 

Magnesium bromide . . 

24 8400 

2.87 

Potassium chloride 

37.7788 

22.16 

Sodium chloride.. . 

179 2391 

158.17 

Silica.. ... ... 

7303 


Total solids. . . 

311 5996 

255 95 


1. Brine from well of the Sand Beach Mineral Springs Co., Harbor Beach, Michigan. Analysis 
by S. P. Duflielfl. (Ceol. Sur. of Mich., Vol. V, Part II. p. 82.) 

2. Brine from the Ryerson well, Muskegon. Michigan. Analysis by Dr. C. A. Goesmann, September, 
188'1. (Geol. Sur. of Mich., report for 1901, p. 233.) 

The artificial brines, employed in the Ludington-Manistee and De* 
troit-St. Olair rivers districts, are formed by solution of the rock salt 
of the Salina formation. Tn the former the flow of ground water in ihe 
super imposed strata is suflicient to form the brine and the pumping 
is done mostly with compressed air. At most of the plants in the 
southeastern part of the state, it is necessary to pump water into the 
wells and the brine when formed is forced up by water pressure. 

At Ludington and Manistee the salt layer has a thickness of 20 to 
30 feet and is found at a depth of about 1900 feet at Manistee and 
2,300 feet at Ludington. It has been thought that but one bed existed 
in this district,^ However, the No. 4 well of the Anchor Salt Oo. at 
Ludington shows the presence of four beds, respectively 20, 12, 7, and 
5 feet in thickness. The extent of this area is not known, but wells 
at Frankfort and Muskegon, which should have pierced it Jiad it been 
present, failed to disclose any salt. 

The salt beds of the southeastern area are much greater both in num- 
ber and thickness, one being over 250 feet thick. In a general way they 
seem to dip away from the Cincinnati anticline and to increase in thick- 
ness along the dip. How far this increase continues we do not know, 
as no records are available beyond Koyal Oak, where nine beds have 
an aggregate thickness of 609 feet. 

Another area in which rock salt has been found in considerable 
quantities, but has not, as yet, been exploited, is in the vicinity of Al- 
I>ena. Five Ix^ds of salt with streaks of anhydrite here show an aggre- 
gate thickness of over 300 feet. 

Altliough we have no positive evidence on the subject, from a considera- 
tion of the general geology of the state and the apparent increase in 
thickness of the beds along the dip, it seems reasonable to believe that 
these three areas are but portions of one larger area. Eock salt is 
therefore likely to be found anywhere within lines joining the outer 
limits of the different proved areas. 

The composition of the brines may be seen from the following 
analyses : 

^Lane, Report for 1908, p. 59. 
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1. 

2. 

Specific gravity. ... 

Calcium sulphate 

Calcium chloride 

Magnesium sulphate. . . 

Magnesium chloride 

Sodium chloride 



1.138 

5.66 

■coo 


2.015 

247.4 

0.7 

265.7 

1 

Tntal solids 

255.075 

269.7 



The above represents grams per kilogram. 

1. Filer and Sons, Filer City, Michigan. Analysis by W. and H. Heim, Saginaw, Michigan. Analysis 
furnished by Mr. E. G. Filer. 

2. Michigan Salt Co., Marine City, Michigan. Analj’-sis by Robt. E. Devine, Detroit, Michigan. 
Analysis furnished by Mr. S. C. McLouth. 

As to the methods of manufacture, one, the open pan, employs direct 
}ieat, the others use steam, either live or exhaust. 

The open pan system may be thus briefly described. The pans, which 
are constructed of boiler plate, are about seventy feet long, twenty-five 
feet wide, and twelve inches deep, and have sloinng sides to permit of 
the salt being raked onto the draining boards. The heat is furnished 
by a furnace placed at one end, the pan above being protected by a 
brick arch. The heated gases pass back under the pan to the chimney. 
In some oases, the chimney is placed beside the furnace, the gases, by 
means of a return flue, being made to traverse the length of the pan 
twice. 

The grainer consists of a rectangular vat, lOO-lGO feet long, 8-18 feet 
wide, and 22 inches deep, in which are placed steam pijres. Tire salt 
when formed is removed either by hand with shovels or by automatic 
rakers. 

The vacuum pan consists of a vertical steel cylinder tapering at both 
ends, in the middle of which is a steam l>elt, through which the brine 
lubes pass, with a large tube in the center. A partial vacuum is main- 
tained in the pan so that the boiling point of the brine is considerably 
lowered. If the pan is run ‘^single eifec't,^’ the steam formed by the 
evaporation of the brine is taken care of by a condenser. On the other 
hand, when two or more pans are run in ‘‘multiple effect^^ the steajii 
formed in the first pan is conducted to the belt of the second pan on 
which a greater vacuum is carried and is used to furnish the heal for 
the second pan. The ^Hriple effect” pan is in successful operation at a 
number of Michigan plants, and in New York state a “quadruple effect” 
is being operated. The salt, as it forms, drops to the bottom of the pan 
and is removed by a bucket elevator. 

With respect to the Alsberger system., I shall not go into details 
but merely state that the principle involved is that of superheating the 
brine under pressure and then running it into pans in which the de- 
position of the salt takes place without the further addition oi heat. 
Re\"olving rakers scrape the salt into a well from the bottom of which 
it m drawn off into a centrifuge in the form of a paste and separated 
from the water. 

In the mafinfacture of table salt, the common salt is dried by passing 
it through a rotary kiln. The dried product is then separated into the 
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different sizes, such as table, butter, cheese, etc., by means of tubular 
screens or patent separators. To some of the fancy brands of table 
salt small amounts of calcium or magnesium carborate are added to pre- 
vent caking. 

The salt production of the state for 1908, as given by the U. B. Geo- 
logical Survey, was 10,194,279 barrels valued at f2, 458,303. This in- 
cludes the brine salt worked up into soda ash and other products. The 
production for the same year as given by the state -salt inspector was 
6,247,073 barrels. 

Ann Arbor, Mich., April, 1911. 
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THE EXTENT OF THE ANOERDON BEDS OF ESSEX COUNTY, 
ONTARIO, AND THEIR PI^CE IN THE 
GEOLOGIC COLUMN. 

REV^D THOMAS NATTRB3SS. 

(V)nsiderable interest has centered in the Anderdon Limestone Beds 
of Anderdon Township, Essex County, Ontario, since Garbau pronounced 
tliem hitherto unrecognized in 1907 and gave to the beds the name they 
now bear. That interest was intensifiW by Professors Sherzer and 
Grabau when they claimed to have identifirf this limestone with cer- 
tain problematical beds deep down in the Silurian strata in the Salt 
Shaft at South Detroit. 

A year ago in presenting before the Academy a paper on The Contour 
of ihe Sylvania Sandrock and Related Strata in the Detroit River Area, 
I took occasion to adduce some suggestive evidence that the supposed 
intercalated beds at the salt shaft and the Anderdon beds have each 
their own independent horizon. 

Since then it has fallen to my lot to superintend the taking out of 
thirty drill cores to determine the extent of these limestone beds in 
Anderdon and Malden townships. Ten other cores had already been 
taken out in and near the Amherstburg Quarries in Anderdon. In ad- 
dition to these forty drill cores, there are three quarry holes through 
the high grade limestone, to facilitate the estimate. The accumulated 
evidence has too broad a bearing not to be presented in the endeavor 
that has been yours and mine to solve the problems of the Detroit river 
area. 

Professor Grabau has himself differentiated the Anderdon limestone in 
his Stratigrai)hic and Palaeontologic Summary of the Monroe Forma- 
tion. Under the head of *‘‘Upper Monroe Fiiunas^’ he groups as a unit 
the faunas of the Flat Rock, Anderdon and Amherstburg (Detroit 
river bottom) beds. Of the faunas of this supposed unit he has said: 
^‘Its most characteristic feature is its Devonic element.^^ And: ‘‘If the 
fauna were considered by itself it would probably be pronounced a 
Scoharie or an Onondaga fauna without a moments hesitation, though 
there is a considerable Siluric element.’’ 

Taking the cut on p. 541 of the “Piweedings of the Albuquerque 
Meeting, (Fig. I. — Bection of the Detroit river),” as setting forth the 
supposed relationship of the “Flat Rock, Anderdon coral limestone 
and Amherstburg Dolomite,” the Plat Rock below, the Amherstburg 

Dolomite above, the Anderdon between, then the “considerable 

Biluric element” ought to be very evident in the sandwiched Auderdon 
limestone in order that it should still persist in the overlying new-named 
Amherstburg. But whereas the Siluric fauna characterizes the Plat 
Rock and the Amherstburg Dolomite of the Detroit river bottom^ it is 
characteristically absent from the Anderdon limestone beds. 

Moreover, the Anderdon beds do not extend across Detroit river from 

♦The Monroe Format:on ; Mich. Geolog. and Biolog. Survey, 1909, p 217.- 
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the Amherstburg quarry to the Sibley quarry as figured in tlie cut re- 
ferred to. This I have contended before and shall be able to set forth 
further evidence. The Dundee (Corniferous) limestone does not ex- 
tend westward to the Detroit river as thus figured, and does form the 
surface extension over the great part of the Amherstburg quarry in 

Anderdon, where the cut shows only Anderdou coral limestone out 

of relation. 

Analyzing Grabau’s faunal unit, this result is obtained: 


Plat Rock Dolomite: 

Stromatoporoidea, 0. 
BracMopoda, 0. 
Pelecypoda^ 0. 
Cephalopoda^ 0. 
AnneUda, 0. 

The Anderdon Limestone: 

Stromatoporoidea, 6. 
Brachiopoda, 2. 
Pelccypoda, 1. 
Cephalopoda, 0. 
Atmelida, 0. 


Anthos!oa, 8. 
Bryozoa, 0. 
Gastropoda, 0. 
Trilohitaef 0. 


Anthozoa, 12. 
Bryozoa, 0. 
Gastropoda, 2. 
Trilohitae, 0. 


The Amherstburg Bed (dolomite) of Detroit River: 


stromatoporoidea, 2. 
Brachiopoda, 12. 
Pelecypoda, 3. 
Cephalopoda, 4. 
Annelida, 1. 


Anthozoa, 13. 
Bryozoa, 1. 
Gush opoda, 8. 
Trilohitae, 1. 


Of the Stromatoporoidea 2 of 6 are in oomnion between the Ander- 
don limestone and the Amhei^tburg dolomite. 

Of Anthozoa there is 1 in common throughout, and but 4 in common 
between the Anderdon limestone and the Amherstburg dolomite, out 
of a total of 21. 

Of Brachiopoda there is but 1 of 13 in common between the Anderdon 
limestone and the Amherstburg dolomite. 

Bryozoa is represented in the Amherstburg dolomite alone. 

Of Pelecypoda but 1 out of 3 is in common between the Anderdon and 
the Amherstburg. 

Of Gastropoda there is nothing in common, though 10 species have 
been noted. 

Cephalopoda, Trilohitae and Annelida are represented in the Amherst - 
burg only, in *Grabau^s list. I have since found Proetus crassimar- 
ginatus, in the Anderdon limestona 

I submit that here is an internally exclusive ‘^unit.” 

Nor is that the end of the comparison. Of 23 species (5 genera) identi- 
fied in the Anderdon limestone and the coral bed of the salt shaft at 

^Michigan Geologioal and Biological Survey, 1909, The Monroe Formation, Grabau and Sherzer. 
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Delray, but 7 are in common to these, one only of which is found in 
the dolomite of the Detroit river bed in the vicinity of Arnherstburg. 

Having presented *evidence to show what the Anderdon limestone beds 
are not, I shall attempt to show what these beds are, — how they are 
deposited, and how they are related. 

THE MALDEN VALLEY. 

The drill holes put down to determine the extent of the Anderdon 
limestone have disclosed a basin and a valley leading to it from the 
south. togeth<*r containing the “Anderdon Beds’’ (Grabaii). I have pre- 
sumed to name this valley the Malden Valley of the Anderdon Lime- 
stone, inasmuch as it was first followed up from a starting point in 
Malden township. I have followed up this valley some (5,500 feet fi*om 
that starting poini of investigation to where it expands into a basin, 
the central area of which is the Amlierstburg Quarry property. 

Cross seel ions prove the valley formation and show the relation of the 
Anderdon Beds to the underlying Silurian dolomites. A complete cross 
section is constituted by test holes numbered 0 to 13, from eiist to west. 

In No. 9, in an old Detroit river channel, there is a Silurian surface 
extension. Analyses show an average of 56.75 CaCO.v 

About 800 feet west of it No. 10 showed Anderdon Beds at the sur- 
face, one foot in depth, resting upon a transitional rock, whk‘h in turn 
rests upon Silurian dolomite. The transitional here averages 60.56 
CaCOy, and is 8 feet in depth ; the dolomite 54.19 tested to a depth of 21 
feet. 

No. 11 is about 700 feet west of No. 10: Anderdon 13 feet, .averaging 
93.76 OaCOg; Transitional, 8' 6", 63.37 ; Silurian dolomite 5' 10". 54.87. 

No. 12, about 700 feet west of No. 11, shows 10' 7" of Anderdon, 
aver.aging 95.60 CaCOg; Transitional, 7' 9", 62.44: dolomite not pene- 
trated. 

No. 13 is about 700 feet of No. 12. Here there is but 2 feet of Ander- 
don Beds, averaging 94.72 CaCOj,; Transitional 7' 5", averaging 57.53; 
Silurian dolomite lametrated 11' 7", averaging 50.39 CaCO.,. 

Some 6,000 feet west of No. 13 is the Detroit river bed, with Silurian 
dolomite extension, — a surface that would probably extend as a surface 
extension as far east of Detroit river as to a point 300' to 400' west 
of No. 13 test hole. 

A review of this cross section shows: 

(1) The Anderdon Beds in the Malden Valley banking up against 
Silurian dolomite, east and west; 

(2) A Silurian surface extension both east and west of the Anderdon 
Beds, in the old Detroit river channel eastward and in the bed of the 
present Detroit river westward; and, on reference to elevations, 

(3) A Silurian dolomite synclinal between the Canadian channel of 
Detroit river immediately opposite Arnherstburg (elevation 552.5 -f-) 
and No. 10 test hole, (elevation of Silurian surface. 563.2) in close prox- 
imity to the eastern edge of the Anderdon; 

(4) A similar syncline east of that again, immediately; (5) Dis- 
turbance of former levels prevailing during the time of depositing of the 

♦See MlcWgan Academy of Science report, J910. “The Contcur of the Sylvania Sandrcck and 
Related ^Strata in the.Detroit River Area." 
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Transitional overlying the dolomite, during which time the present 
Silurian syneline was at least 700 feet wider than it is now, on the 
east side — for within that approximate distance the Transitional (of 
which there is 8 feet in depth at No. 10 hole,) has shored up; 

(6) Maximum thrust of uplift in close neighborhood of No. 10; 

(7) (Change in elevations across the whole cross section distance of 
the Anderdon beds, with possible exception of the extreme western shore ; 
and 

(8) Suggests the i*eason for the prevailing increased depths of 
boulder till from the eastern limit of the Malden Valley of Anderdon 
limestone, westward to Detroit river, — ^an ascertained increase of depth 
of from 12' 0" to 15' G" to 21' 3" to 28' G" to 40' 0" at intervals of about 
700 feet. 


TRANSITIONAI. ROCK. 

The characteristics of the Transitional ro<‘k at the base of the Aiider- 
don limestone, and the reasons for describing it as transitional ai*e these: 

(1) It lies between a limestone deposit of the purest quality and 
an equally pronounced Silurian dolomite, and is itself a doloniitic lime- 
stone. 

(2) It is not local but extends over the whole area of, and beyond 
the outer edges of, the overlying i^nderdon limestone; requiring, there- 
fore, consideration as a distinct deposit; and having characteristics 
that relate it to both the Devonian and the Silurian. 

(3) Like the Anderdon limestone above it, this rock carries the 
Devonian form of calcium carbonate crystal, dog-tooth spar, by (contrast 
with the Silurian scalenohedra of calcite. 

(4) Yet, in several instances, and at low horizons in the formation 
the crystals filling the cavities of the rock appeared to be a compromise 
between the two forms. 

(5) In addition to that fact, the prevailing browns, blue-grays, and 
the dullness of the grays and drabs are Silurian characteristics. 

(G) There were no Silurian forms distinguishable, nor either sul- 
phate or carbonate of strontia, nor any gashed or acicular rock; all of 
which, with scalenohedra of calcite and high magnesia characterize the 
underlying strata. 

(7) There is, as in the Silurian, at many elevations, considerable 
dark-lined lamination and freipient irregular lines of deposit. 

(8) In three instances only does the CaCO.^ average of the transi- 
tional rock from a given test hole fall below 60%, and that where too 
few samples were taken. From all the rest of twenty-one averages the 
percentage of calcium carbonate is from G0.5G to G9.04. The average 
over all — in a distance of two miles — ^is 63.49 Ca(X>s. Tliis fact estab- 
lishes the Transitional as a better calcium carbonate rock than is the 
heavy-bedded dolomitic limestone which lies second above it and forms 
the base of the Comiferous. This latter dolomitic limestone analyses 
about G0% CaCOa. Like it, the Transitional appears to be almost fossil 
free. 

1 submit that this rock is transitional in character, with predomina- 
ting Devonic features. 

Before considering the question of transitional rock at further length 
let me present some facts of 
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THE BASIN OP ANDBBDON LIMESTONE^ 

of which the Amherstburg quarry property forms the central area. 

Thus far — except in viewing the entire distance of the Transitional — 
only the Malden Valley of Anderdon beds has been considered, by 
way of which the supply of this limestone seems to have come in from 
the southward. 

The Amherstburg Quarry basin of Anderdon limestone is an expan- 
sion of the Malden Valley, circular in form, with a bulging western 
side. It seems to have had no other communication with the outer sea, 
in Anderdon time, than this valley. Cross sections will show the man- 
ner of deposit to best advantage. Two will suffice, one from east to 
west, and one from' N. x NW. to K. x KE. Test* holes 26, ‘^8,*’ 

and 21 are from east to west in order. No. ‘‘8” is as nearly as may be 
the center of the basin. No. 20 marks the eastern limit of the deposit. 
No. 21 is 1,500 feet west of this center and No. ‘‘3’^ is 1,350 feet east 
of center. Were there one more test made as far west of center as 
No. 26 is east of it, at the rate at which the depth lessens westward 
there would probably be about the same depth of Anderdon beds in 
that as there is in No. ‘26. 

No. 20 test was the most westerly put down and though somewhat 
out of line for this cross sec*tion is yet available for comparison. (It 
is also interesting as establishing a bulging west side.) 

Anderdon at 26, 1' 3", 

Anderdon at ^‘3,^’ 16' 7", 

Anderdon at 28' 0", 

Anderdon at 21, 15' 9", 

Anderdon at 20, 6' 2". 

This section shows an east and west shoreing up of Anderdon high 
grade limestone. 

A MODIFIED ANDEKDON. 

During Anderdon time, and while these beds were being deposited, 
extraneous influences were exerted upon the Anderdon material about 
the outer edges of the basin, sometimes reaching across its full width — 
or rather would I say, meeting in the centre, elust what these influences 
were is not so easy to say. The eflTect exerted is very palpable. In 
some cases several feet in, depth of the Anderdon beds are reduced to 
the quality of an ordinary good limestone; in other cases a si Heated 
limestone was produced; in still other cases the slow depositing lime- 
stone has been swamped with magnesia and silica until a dolomite 
resulted. Whether the magnesia .and silica were due to an inwash 
from a Silurian sea to the west, north, northeast and east, facilitated 
by a lowering of the confining Silurian anticlinal dam by eartn move- 
ments from time to time, alternating with unlift ; or whether the source 
of the extraneous matter was a Silurian land area, may be open to 
question. Very considerable depths of unmodiiiied pure Anderdon lime- 
stone alternate with deteriorated parts. Especially is this true toward 

''‘Plain figures indicate tests of the survey of Sept, to Dec., IQIO; figures in quotation indicate tests 
of 1909 survey. 
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the centre of the basin, indicating that the influence was one felt chiefly 
along shore. 

The silication is not so difficult to account for. In part it is from 
the same source without doubt. But when it is observed that the most 
heavily silicated spots are on the shoulders of the Malden Valley where 
it expands into the basin, and also directly in line with the slight wash 
from the inflow of the valley, the chief cause of silication has been 
identified. The valley itself has felt none of these influences to any 
perceptible degree. 

Should it be that the magnesian influence was due to the sea, then 
it follows that Silurian conditions prevailed northward, westward and 
to the northeast whilst the Malden Valley communicated with a sea 
to the south in which Devonian conditions had already become estab- 
lished. 

A N. X N. NW. to S. X S. BE. Cross Section shows the same basin 
formation, with No. test hole as centre, four tests to the southeast- 
ward of it and two to the northwestward. (In no case has the west 
side been tested out to the same extent as the rest of the area, because 
of heavily increased depth of boulder till.) 

The test holes of this cross section are, in order from S. x S. SE. to 
N. X N.NW., Nos. 1^5, 17, 22, '‘8,” “4’^ and “5.^^ The distances 

between, in same order, approximately 1,000', 450', 425', 525', 

1,725', and 330'. 

Anderdon at 15, 0' 

Anderdon at 17, 5' 6", 

Anderdon at 22, 23' G", 

Anderdon at 42' 0", 

Anderdon at 28' 0", 

Anderdon at “4/^ 11' 3", 

Anderdon at 8' 6". 

Modified Anderdon at 15, 0' 0", 

Modified Anderdon at 17, 22' 1", 

Modified Anderdon at 22, 22' 10", 

Modified Anderdon at ‘^9^^ 9' 0", 

Modified Anderdon at ^^8’^ 23' 6", 

JModified Anderdon at ‘‘4^’ 29' 4" 

Modified Anderdon at ‘^5” 27' 0". 

Transitional Rock at 15, 3' 8", 

Transitional Rock at 17, lO' 6", 

Transitional Rock at 22, 4' G" +? 

Transitional Rock at ^^9^^ 8' 0", 

Transitional Rock at ^‘8’^ 11' 6", 

Transitional Rock! at ‘‘4’^ 4' 8", 

Transitional Rock at ^‘6” Not penetrated. 

The Anderdon show^s distinctly the basin shape of deposit. On com- 
paring the Anderdon + Modified Anderdon depths in No. ^‘8^’ and No. 
^^9,” it will be noted that No. ^‘9” has felt the deteriorating influences 
mui^b less than the No. ‘^8” area. It shows less Modified Anderdon 
and more high-grade limestone. Consequently, whether at base or sur- 
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face, the Modified Anderdon also shows the basin form of deposit in 
the cross section. 

A consideration of the elevations in the same test holes in the same 
order gives the same results : 

Elevation of Anderdon at 15, 570.36 A. T. 

at 17, 570.63, 

at 22, 566.00, 

at ‘^9/’ 558.26, 

at “8,’^ 547.50, 

at 576.3 5, and 

at 563.80; ^ 

Elevation of Modified Anderdon : 

at 37, 565.13, 
at 22, 543.50, 
at ‘‘9/’ 526.26, 
at 519.50, 
at ‘‘4,” 564.90, and 
at 553.30; 

Elevation of Transitional Rock: 

at 15. 570.32, 
at 17, 543.05, 
at 22, 519.66, 
at ^^9,'' 507.26, 
at 496.00, 
at ^^4,” 535.56, 
at “5,” not penetrated. 

The basin, as shown by elevations of the Anderdon at No. 15 and No. 
— has a lip rim, occasioned by uplift of the inner area in relation to 
the outer. 

The evenness of the basin sha])e is evident if it be remembered that 
the distance from No. “8^^ to No. ‘‘4,’’ 1,725 fi^et, is more than three 
times any other separating distance; that Nos. 17 and 15 are 1,000 feet 
apart; and that another test is needed about 350 feet N. x N. NW. of 
No. ^^5’^ to contrast with No. 15 at extreme x S. KE., for a complete 
comparison. 

A cross section from NE. to SW., from the Sol White quarry hole, 
by way of the Araherstburg quarry limestone cut, test holes No. “8" 
and No. ‘7,” to No. 20 shows the same basin-shaped deposit. 

KAimi MOVETMENTS OVER THE ANOERUON AREA. 

The evidences of earth movement over the Anderdon limestone area 
during Transitional, Anderdon and Corniferous time are of very pro- 
nounced character. 

Included in the transitional rock shown up by cross section of the 
Malden Valley already presented, is a deposit characteinzed by quantities 
of calcium carbonate crystal, in bulk, so to say. Tii drill core No. 10 
this is 48 inches in depth; in No, 11, 700 feet west it is 36 inches in 
depth; in No. 12, 700 feet w^est of No. 11, there is but 26 inches; and 
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in another 700 feet it has disappeared. This assuredly indicates one 
of two things : a deep side to the valley — which does not seem, to account 
for all the facts in the case; or a gradual change of elevation during 
continuance of the deposit. 

Subsequent to Anderdon time, and in what has hitherto been recog- 
nized as mid-CV)rniferous, a movement of a different kind has taken 
place. This time it is not tilting, but there appears to have been a 
thrust that reached its maximum along the eastern side of the Anderdon 
deposit — both valley and basin. The evidence is of two kinds: (1) 
•Change of elevation along cross section lines, and (2) a shattered con- 
dition of the eastern edge of the deposit. Every cross section shows 
a gradual slope to westward across the entire width of what must, 
in the order of things, have been a slightly wncaved surface at the 
close of Anderdon time. Tn the Amherstburg quarry basin of the 
Anderdon material this movement is eviden(‘ed by I’elative differences 
of elevation, though the basin surface is still preserved in any but an 
east atfd west section. 


SINK HOLES. 

The shattered condition of the eastern edge of the Anderdon deposit 
is evidenced by a series of twenty or more sink holes in the land sur- 
face. Tn localities these are grouped together in numbei’s. In every 
case where the rock below has been investigated it has been found 
to be fissured and broken. Along the west side of the deposit the depth 
of stripping ini])ervious to water would in itself explain the absence 
of sink holes. There does not, however, appear to be the same shat- 
tered condition of the roc*k, though the core-drill occasionally revealed 
a crack. 


A LINE OP FAULT. 

Associated with this line of sink-holes, and parallel with it, is a 
series of mineral springs highly charged with sulphur, that would seem 
to show a line of fault. This lane traverses the old Detroit river chan- 
nel immediately east of the Malden Valley of Anderdon limestone where 
the surface extension is entirely of Bilurian dolomite. 

THE MAXIMUM OP THRUST. 

When the depositing of Anderdon sediment ceased, it would seem 
to be evidenced by a maximum depth of overlying Oorniferous that the 
lowest elevation within the Anderdon basin — and approximately the 
center of the basin — corresponded closely with No. ^^8’^ test hole, at which 
spot there is still the lowest elevation (547.50) of Anderdon within the 
basin. 

And at this precise spot the Comiferous has a higher elevation than 
any other part of the entire surface in question — unless it be between 
No. ^^8’^ and No. ^^9’^ which, together with it, has felt the maximum of 
thrust. The disturbed elevation of the Comiferous surfac^e of itself proves 

♦Test holes 10 to 13, 2100 feet from east to west, show elevations of Anderdon beds: 571.30, 667.80, 
561.85, and 654.50. 

Test holes 29 and 27, in east to west section, 700 feet, show 574.40 and 563.00. Nos. 15 and 16, 
780 feet east to west, 570.36 and 665.70. Test holes “ 1,'' “9," “ 7," and 19 and 20 show 674,33, 668.26, 
538.10, 536.66 and 536.66. 
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earth movement, (Ascertained elevations: 578.26, 584.50, 561.10, 555.60, 
and 538.00.) 

If there has been any earth movement strictly within Anderdon time 
the evidence is to be found in the Modified Anderdon. If that modi- 
fication was due to movement and not to the influence of an adjacent 
land area round about the basin, then it proves in that case a succes- 
sive lowering and raising of the surrounding Hilurian dam that con- 
fined the Anderdon waters and excluded — except by intervals — the 
waters of a sea in which older conditions still persisted. 

THE DEPTH OP BOULDER TILL, 

The depth of boulder till on the Detroit river side of the line of 
highest elevations throughout the length of the Anderdon deposit, stands 
definitely related to the interposed rock barrier to the ice sheet in its 
forward movement. From east to west across the basin, 3,3(10 feet, the 
•depths of till are these: 

10' 2", 14' 0", 21' 6", 32' 6", 50' 0". 

Along the fcomjjlete cross se(*tion of the valley, east to west 2,100 
feet: 12' 0", 15' 6", 21' 3", 28' 6", and, in another 1,000 feet westward 
along the Silurian dolomite surface, 40' 0". 

On the other hand the glacial detritus has banked up against this 
same barrier on the east side of it, giving depths in ^reverse order: 
28' 6", and 10' 2"; 17' 0" and 9' 0". 

We have thus, doubtless, come upon the explanation of the old De- 
troit river channel already named: First, a shallow Silurian synclinal 
dip; then a rock elevation interposed in the path of the glacder, con- 
sisting of a low Silurian anticlinal bank, with Ti^ansitional and Ander- 
don rock superimposed, and all of this elevated by a thrusting move- 
ment. 


CORNIFEUOUS AND ANDERDON MATERIAL. 

All the Anderdon limestone material seems to have come in from 
the south, as has been already stated. Because of the greater de[)th 
of the deposit within the cul de sac laisin as compared with* the supplying 
valley from the south another valley was suspected leading to the east- 
ward from the basin. That side also was thoroughly tested in the 
hope of finding such a valley. There is a valley — but not of the sup- 
posed age. It (*arries only Coniiferous material. That there is a valley 
of shallow dimensions goes to show a slight letting down of a surroimd- 
ing anticlinal tongue of Silurian age wiiich has admitted the Comifer- 
ous sediment from the eastward, none of which came in by way of the 
Malden Valley; around the tip of which upward fold of Silurian, and 
toward the south, the Anderdon has circled about, with normal depth, 
to cross Detroit river in the neighborhood of the upper end of Grosse 
Isle where there is a showing of Oomiferous at the surface, to be again 
quarried, in its normal depth, in the bottom of the Kibley quarry, al- 
most opposite the phenomenal depth in the Amherstburg quarry. 

A cross section of the whole Detroit river, area between these two 
quarries would show nothing of the Anderdon beds from shore to shore 

♦Test holes “I/* “9/’ “7," 19 and 20. 

tTest holes 10, 11, 12, 13, and the Borrowman well. 

jTest holes Nos. 26 and “1"; Nos. 5 and 29. 
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of the river. Much less would such cross section show the Detroit 
river bottom bed of dolomite to overlay Anderdon limestone — ^to which 
river bottom strata Grabau and Sherzer have given the name of Amherst- 
burg Dolomite. Neither will it show Sylvania Sandrock at the base of 
Flat Rock dolomite over this area. Nor are the strata of the Detroit 
river series of Upper Monroe age, except in the upper reaches of the 
liver; and except as the Upper Monroe strata round the head of the 
extreme northerly limit of the Cincinnati anticline and circle back to 
south’ard. On the contrary, and with the exception noted, the character- 
istics of these strata are those of the Ix)wer Monroe. Compared with 
the Ballville section of the Ohio Greenfield dolomite this rock also is* 
.“a light-colored dolomitic cakilutite.” Like the Lower Monroe beds of 
Maryland these beds also are t‘‘nearly all calcilutites, mostly thin- 
bedded, well stratified.” As in the case of the Raisin River dolomite, at 
a given horizon *“heniispherical masses protrude . . . having a finely 
laminated, concentric structure and apparently concretionary in their 
structure;” and. ‘’locally the beds contain patches of iron pyrite.” The 
upper l)eds are almost fossil-free, which will not be said to be a character- 
istic of the I'pper Monroe strata. And, in addition, the sharp directly 
southward dip of the strata in all the central part at least of the area in 
question is in itself a statement of the fact that here is the rock 
against which the Upper Monroe banks, stratum upon stratum, with dip 
swinging from westward to noi’thward in Monroe and Wayne counties. 

One further remark about the age of the Anderdon limestone beds. 
Professor Grabau has emphasized their Devonic aflSnities. T have shown 
that these beds do not sandwich between two dolomities; that they rest 
upon a dolomitic limestone transitional in character and Devonic in its 
chief characteristics; and that they are Devonic in chemical properties, 
analyzing in some instances 99.,55 CaCX),. And, whereas fGrabau de- 
scribes “the Monroe beds and underlying formations (as) all involved 
in slight folding which took place in post-Monroe and prc-Ihindcc tiiues,’' 
I have shown tlie Anderdon limestone beds occupying the synclinal 
space between two of these lateral folds. 

Altogether it would appear that the Anderdon Limestone b»?ds have 
been wrongly classed as Hilnric; in short that they are of Devonic age. 

Amherstburg, Ontario, March 28th, 1911. 

♦Stratigraphy, Struct ur\i and Local Distribution of the Monroe Formation; by Profefi.8ors W. H. 
Sher/er and A. W. (irabau. 

t “Correlat on of the Monroe Forirnt on of M chii*an. Ohio and Canada with the Upper S luric of 
Eastern North Arae”ica and elsewhe e,” Mich. Geolig. Sur\ey, 1909. The Monixe Ifonnation. 
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THE BPERMATOCIENESIS OP AN ORTHOPTEKON, CEUTHO- 
PHILUB LATEBRICOLA SCUDDER, WITH SPECIAL 
REFERENCE TO THE ACCESSORY 
CHROMOSOME. 
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I. INTRODUCTION. 

Many studies have been made of Orthopteron spermatogenesis with 
reference to the accessory chromosome. The results embodied in this 
paper, though they do not add many new facts to those alrejidy ob- 
served, bring into line one more species and put forth additional proof 
of the presence of an accessoiy chromosome. This chromosome has 
been traced from the spermatogonia to a rather late stage in the trans- 
formation of the spermatid. For a discussion of the literature on inse<'t 
spermatogenesis in general, and the spermatogenesis of the Orthoptera 
in ])articular, the reader is referi*ed to Davis (1908). 

The work here reported was begun at the Marine Biological Ijabora- 
toryS Woods Hole, Mass., during the summer of 1009, under the direc- 
tion of Prof. T. H. Montgomery, Jr., and W'as carried on during the 
winter of 1909-1910 at the University of Michigan, under the direction 
of Dr. R. W. Hegner, I wish to thank both Prof. Montgomery and 
Dr. Hegner for their helpful suggestions and the interest they have 
taken in the work. 

*The author wishes to thank Mr. Bryant Walker and the Zoological Department of the University 
of Michigan for the opportunity of occupying a table at the Marine Bioloipcal Laboratory during the 
summer of 1909. 
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EXPLANATION OP FIGURES. 

All figures with the exceptiou of Fig. 1 were made with the aid of 
a camera lucida. Fig. 1 is a freehand drawing x7. 

Figure 3. Portion of testis. 

Figure 2. Apical cell with surrounding primary spermatogonial 
cells. 

Figure 3. Equatorial plate of secondary spermatogonial nucleus, 
shoM’ing accessory chromosome (x). 

Figure 4. Metaphase of secondary spennatogonium, showing acces- 
sory chromosome, x. 

Figure 5. Late anaphase of secondary spermatogonium, showing 
limbs of accessory lagging behind. 

Figure 6. Early growth period, the a(“cessor;\- at x, the nucleolus at 
n. 

Figure 7. Later growth period. 

Figure <S. Late growth period, showing polar arrangement of 
spireme, and position of accessory, x, and of the 
nucleolus, n. 

Figure 0. Ver\- late growth period, showing splitting of the spireme. 

Figure 10. The beginning of tetrad formation. Accessory at x. 

Figure 11. Various forms of tetrads. 

Figure 12. Metaphase of first maturation division. 

Figure 13. Late anaphase of first maturation division, accessory at 

X. 

Figure 14. Anaphase of first maturation division. 

'Figure 1.5. Late prophase of first maturation division. 

Figure 16. Metaphase of second maturation division, accessory’- at x. 

Figure 17. Late anaphase of second mhturation division, without the 
accessory chromosome. 

Figufe 18. Telophase of second maturation division, nebenkern at y. 

Figure 19, Two si>enh.atids lying side by side, one showing the ac- 
cessory, the other npt. Accessory, X. Nebenkern, y. 

■ Figure 20. Stage in the transformation of the spermatid. 

Figure 23. Nearly mature sperm. 
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II.^ , MATERIAL AND METHODS, 

Specimens of Ceiithophilus latebricola Bcudder were collected at 
Woods Hole during the summer of 1909. This species was found living 
under pieces of bark, paper and similar objects in wooded places. Many 
specimens were also found living under and around the decaying curbing 
of an old well. 

The method of preparing the material was as follows : The testes were 
dissected out in salt solution and immediately fixed, some of them in 
Flemming’s ..strong chromo-aceto-osmic fluid and some in Camoy’s fluid. 
Flemming’s fluid gave the best results. After fixation the testes were 
hardened for a .few days in alcohol and then embedded in paraffin. 
Sections were cut six and nine micra thick. Several staining methods 
were used but Heidenhain’s iron-hemotoxylin, counterstained with 
orange G, eosin or Bordeaux red gave the best results. Flemming’s 
triple stain also proved of value. 


III. OBSERVATIONS. 

STRUCTURE OP THE TESTES. 

The testes of CeivthopMlm Uitehrleola Scudder occur as paired 
organs lying one on either side of the dorsal abdominal wall. They are 
composed of a number of follicles arranged in parallel series along the 
vas deferens. (Fig. 1.) In young individuals the follicles are globular 
in form but in the older insects they become elongate. A short tube con- 
nects each follicle at its proximal end with the vas deferens. 

Longitudinal sections of the follicle show near the distal end a large 
apical cell. This cell can be distinguished from surrounding cells by 
its greater size and different staining reaction. The apical cell is sur- 
rounded by primary spermatogonia, which are arranged in a radiating 
row (Fig. 2). The nuclei of the spermatogonia are et*centrically placed, 
being nearest the side away from the apical cell. The chromatin is 
scattered through the nuclei in the form of fine granules. 

The secondary spermatogonial cells are a^Tanged in cysts or groups 
of ‘ cells ; each cyst enclos^ in a thin membrane. These cysts persist 
throughout the development of the germ cells, the cells in one cyst be- 
ing all in approximately the same stage of development. An exception 
to this occurs in the case of the primary and secondary spermatocytes. 
Secondary spermatocytes are sometimes found in the same cyst with 
primary spermatocytes. There is a more or less i*egular succession of 
cysts arranged in the follicle from the distal to the proximal end. the 
older cysts gradually approach the proximal end of the follicle and tfie 
younger ones develop at the distal end. The cysts at the distal end are 
small, two, thiw or more occupying the diameter of the follicle, whereas 
in the later stages a cross section often shows one cyst occupying this 
entire space. 

Follicles taken from young individuals in May, 1910, were filled with 
cysts of spermatogonial and spermatocyte stages, whereas material 
taken in late July and August, 1909, had the proximal tin'o-thirds or 
more filled with spermatids and mature sperm. It seems probable from 
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these observations that the breeding season for this aperies extends over 
a period from about the first of August to the first of September. This 
is further strengthened by the examination of females which were not 
ready to lay eggs before the latter part of July and were without eggs 
in the middle of August. 


THE SPERMATOOONIA. 

As stated above there is in each follicle an apical cell around which 
are grouped the primary spermatogonial cells (Fig. 2). The nucleus of 
the apical cell is large and the chromatin is scattered through it in the 
form of fine granules. There may be one or moi*e plasmosomes present. 

The nuclei of the primary spennatogonial cells are larger than those 
of the secondary spermatogonia. The chromatin contained within them 
consists of widely scattered granules. The nuclei are eccentrically 
placed; most of the cytoplasm, which is relatively large in amount at 
this stage, being on the side nearest the apical cell. 

Tn the actively dividing secondary spermatogonia the ehromosomesy 
when in the efiuatonal plate, api)ear as more or less curved rods (Fig. 3). 
They are rather evenly distributed about the plate with the largest at 
the periphery. The chix)mosomes vary considerably and it is i>osisible to 
select pairs of them of appmximately the same size and shajie. This, 
however, cannot be done with certainty for all of them. There is a large 
horseshoe shaped chromosome (Fig. 3x) which alwa.vl^ lies at the edge of 
the plate, and for which thei'e is no mate; this is the accessory chromo- 
some. 

The autosomes split longitudinally in the sjKjrmatogonial divisions. 
The accessory chromosome also splits longitudinally, and in favorable 
sections it can be seen in metaphase, projet^ting slightly from 'the plate 
(Fig. 4x). It lags behind the rest, one-half jmssing to either pwle of 
the spindle. The two long arms can be seen stretching toward each other 
after the autosomes have reached the pwles (Fig. 5). 

The chromosomes are so closely imeked in the 8i)ermatogonial pdates 
that they can seldom be counted with accuracy. Furthermore there are 
relatively few spennatogonial nuclei in the prop>er stage for the deter- 
mination of the number of chromosomes. Because of these two facts the 
number could not be determined with certainty but there are probably 
thirty-seven or thirty-nine in the sp^ematogonia. 

GROWTH PERIOD OF THE PRIMARY SPERMATOCYTES. 

During the telophase of the last spiennatogonial division there is a 
diffusion of the chromatin within the nucleus. At the earliest stage 
there is no spireme, the chromatin being scattered throughout the nucleus 
in the form of fine granules (Fig. fi). A sp>irenie then appiears v^ith the 
chromatin granules distributed evenly up)on it. At the intersections of 
the thread the granules app>ear some^^hat condensed. The spireme at this 
time has no definite pKwition (Fig. 7) ; soon, however, it assumes the usual 
pjolar arrangement (Fig. 8). The thread or threads are app>arently fas- 
tened to one side of the nuclear wall, and the loopisi extend out into the 
nucleus from this p>lace of attachment. The loops are fastened to the 
distal p)ole of the nucleus, as determined by the pKisition of the greater 
I>art of the cytoplasm. It was not jxissibie to count the loops of the 
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thread because of the many convolutions and their crowded condition in 
the nucleus. They are doubtless fewer in nuimber than the autosomes 
in the spermatogonia, probably only one-half as many being present. 
It would appear from this that each loop repi*esents two equivalent auto- 
somes of the siiermatogonia. 

At a somewhat later stage the single spireme thread shows a double 
structure (Fig. 9) due to the splitting of tlie thread. This splitting has 
never been actually observed but the thread is distinctly double in places 
in the late growth stages. Each granule of one thread is opposite a 
similar granule of the other thread, making it api)ear as though each 
thread wei’e made up of halves of the granules of a single spireme. The 
splitting is not distinct throughout any gi*eat length of the thread at one 
time, due to the convolutions of the thread and to the small size of the 
chromatin granules. No evidence of a side to side union of the spii’eme 
threads as descril)ed by Otte (1906) for Locusta was observed. Only a 
few cases were observed in which there was even an apparent side to side 
union of the threads, and these seem to be in all cases accidental ; two 
threuls may lie side by side for some little distance but always diverge 
if followed far enough. The fact that there is a polar arrangement of 
the loops would necessitate the parallel ix)sition of some of them. It 
could not l>e determined whether the spireme was a (‘ontinuous thread 
or was segmented. The complex course of the thi*ead and the large 
amount of chromatin contained in it make it impoissible to trace, with 
certainty, for any distance. 

At no time was there a massing of the loops at one side of the nucleus. 
Since there has been so much discussion and disagi*eement on the jiart 
of investigators concerning this point, it might be interesting to add that, 
in none of the pro|jerly fixe<l material did such a stage occur; however, 
in one slide prepared from a iK>orly fixed testis, this stage was very 
consiacuous, in fact, a large number of the nuclei which were in growth 
stages showed this condition. From these two facts it would seem that 
in VvuthophiluH UiU hricola at least, there is no synizesis stage. 

During the growth pericnl the accessory chromosome appean^ as a 
dee{)ly staining oval body against the nucler wall. It can l)e distin- 
guished from the nucleolus throughout the gi-owth i)eriod by its position 
and its oval fonn. In every case the accessory chromosome lies against 
the nuclear wall, whereas the nucleons may take up any i>osition within 
the nucleus (Figs 6, 7, 8, 9). 

TETRAD formation: DIVISION OF THE PRIMARY SPERMATOCYTES. 

At the close of the growth |)eriod the loojis of the wpimne l)egin to 
break up and become situated around the i>eriphery of the nucleus. The 
early tetrad formative stages show the spimne broken up into segments # 
of unequal length. When the thread begins to segment iii this way it is 
possible to recognize the quadriimrtite nature of the future chromosomes 
(Fig. 10 1 . Some of the broken segments may stretch entii'ely across the 
nucleus, whereas othere are not more than one-fourth of this length. As 
development goes on the segments gradually condense but still retain 
the chaiacteristic form. Throughout the entire punod of tetnid forma- 
tion it is possible to trace the general shai>e and quadripartite character 
of the chromosomes. 



102 


thirteenth ' REPORT. 


The tetrads show a variety of forms which may be grouped as rods, 
crosses and rinp. Some of them afe straight double rods with a slight 
opening in the center; othw^ are so bent upon themselves as’ to appear 
y shaped ; and still othere are so curved as to resemble a twisted dough- 
nut. The most common form assumed is that of a ring.' Stections'well 
destained show very clearly the quadripartite stWctute df 'the rinp. 
Figures 10 and 11 show some of the characteristic form of the tetrads. 

During the formation of the tetrads there can be distinguished in the 
nucleus a deeply staining, Compact body, the accessory chromosome (Pig. 
10). In preparations which have l>een destained for some time the 
ordinary chromosomes present a rough, granular appearance but the 
accessory remains compact. ' ‘ ’ 

At the time w'hen the tetrads take on a homc^neous appearance," the 
nuclear w'all breaks down and the chromosomes jwiss into the late pro- 
phase of the first Spermatocyte division (Pi^. 15). ‘The primary -sper- 
tnatocyte division is relatively short as compared "v^th the growth period, 
but, on the other hand, it is relatively long when compai’ed with the 
Secondary spermatocyte division. At least one is lead to conclude this 
from the fact that a large part of the follicle is cornpose<i of cells which 
are in the gi*owth period. Most of tire actively dividing cells are primary 
spermatocytes aiid it frequently happens that considerable search is neces 
sary in order to find sOcondaiy si»ermatocytes. The secondary sperma- 
tocytes can be distinguished by the characteristics Of the mitotic figure. 
The chromosomes are smaller and appear in* metaphase as dumb-bell 
forms on the spindle (Pig. 16). 

When the autosomes of the luimary spermatocytes take up their posi- 
tion in the equatorial plate the accessory' chromosome moves toward 
one pole of the spindle. It may occupy various positions, either directly 
at the pole, at "some place between the jmle and the equator, or entirely 
outside the spindle as described by Baumgartner (1904) for Gryllus. 
^me of the various positions it takes up are shown in Pi^. 12, 13, 14. 
The accessory is bean-shaped and show's a more or less distinct longi- 
tudinal splitting (Pig. 12). The concave side may be tow*ard or away 
from the spindle. It does not divide in the first spertnatocyte division. 
Occasionally this chromosome lags' behihd the others and appears as a 
large distinct element on the spindle after the other chromosomes have 
reached the poles (Fig. 13). It is a striking fact that cells which exhibit 
this peculiarity m'cur in groups, and are not scattei’ed among the other 
types of cells. T’p to the present time a large enough number of these 
cells have not been found to warrant sepmrating them as a distinct type. 

In the metajfiuise the autosomes take op a position along the equatorial 
plate so that the long axis is at right angles to tlie spindle axis. As 
the mantle fibres contract the chromoeomes are pulled apart and pass 
to the poles as loops (Fig. 14)- The middle of each segment separates 
from its fellow first but the ends remain in contact for some time, the 
pull of the mantle fibres stretching out the two chromosomes in a plane 
qt right angles to the original axis, thus giving, at first glance, the ap- 
pearance of a transverse division. at this stage. However, careful irac- 
ing of the chromosomes from the tetrads to the anaphase indicates that 
the first division is longitudinal. 
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DIVISION OP THE SECONDARY SPERMATOCYTES. 

The chrmuosomes of fhe secondary spermatocyte® are smaller and more 
compact than those of the first. Most of the nuclei examined had their 
chromosomes in the equatorial plate. The chromosomes appear as small 
blocks (Pig, 16), presenting a very different appearance from those of 
the primary spermatocytes (Pig. 12). In a part of the nuclei the acc^- 
sory chromosome appears projecting out from one side of the plate (Pig. 
16). It is of course considerably larger than the other chromosomes:. It 
divides with the rest and its chromatids pass with the others to the poles 
of the spindle. Since the accessory is larger and longer thaq the auto- 
somes its ends project down tow’ards the equator of the spindle after the 
ordinary chromosomes have reached the poles. The division of the nuclei 
which do not contain an accessory is in all other respects similar to those 
which do. 

The result of the fir®t spei-matocyte division is the production of two 
secondary spermatoc*yte», one with an accessory chromosome and the 
other without. The iwcondary spermatocyt^ divide, ‘the one without 
the accessory giving rise to two spermatids, neither of which contains 
an accessory chromosome; the other, with the accessory, giving rise to 
two spematids each of which contains one of the chromatids of the 
accessory. Thus a single primary spermatocyte gives rise to four sper- 
matids, two of which contain an accessoiy chromosome and two of w’hich 
do not. *f: 

. TRANSFORMATION OP THE SPERMATIDS, 

The chromosomes rapidly break down after the last spermatocyte 
division At first they congregate in the nucleus in the form of a loose 
crescent and then b^ome granular (Pigs. 18, 10). Tl^ere are small 
aggregations of granules around the nuclear membrane in many cqse^ 
but these are not pronounced (Pig. 19). In the spermatids containing 
the accessory chromosome this chn>mosome can be recognized as a corq.- 
pact deeply staining oval body qlosely applied to the nuclear membrane 
(Pig. 10). It has much the siime appearance that it had in the growth 
stages but it is of course smaller. .Frequently two spermatids were 
found lying side by side, one with the accessory chromosome, the other 
without (Fig. 19). 

During transformation the speimatid gradually assumes a spindle 
shape and a tail is formed (F'igs. 20, 21). At this time there is no ap- 
parent difference between spermatids with the accessory chromosome and 
those without. 

There appears in the cytoplasm of the cells in the growth period a 
rounded or oval body which stains more deeply than the rest of the 
cytoplasm. This body can be traced tlii-oughout the growth period and 
also through the late spermatocyte stages and spermatid tramsfonnation. 
It is small during the p*owth but becomes a very large and conspicuous 
element in the speimatids. It is probably the Nel>enkern (Pigs. 13, 19). 

IV. DISCUSSION. 

The apical cell is such a large and imposing element in the follicle 
that it should not be overlooked. This seems to have lieen generally done 
by writers on OWhopteron speimatogensis. Davis (1908) however dis- 
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cusses it quite in detail. This cell in Oeuthophilus agrees in general with 
the description given by him for the Acridiidae and Locustidae. 

The more or less definite pairing of the autosomes in the spermatogonia 
is in accord with the results of most other writers and seems to point 
to the fact that there is a double series of chromosomes, of approximately 
equal form and volume, one paternal, and the other maternal. 

Oeuthophilus apparently agrees with most other Orthoptera in having 
an end to end union of the chromosomes in synapsis and later, in 
the formation of the tetrads, by a splitting of the spireme thread. Prom 
the observations made the first maturation division is probably longi- 
tudinal and the second tmnsverse. However, this could not detei*- 
mined w'ith certainty so it is useless to discuss its relation with other 
forms in this respect. 

reuthophilus agrees with other Orthoptera in having an accessory 
chromosome which in the spermatogonia is larger than the autosomes. 
It I'emains compact throughout the growth i>eriod and tetrad formation 
stages, dividing in the secondary’ maturation division but not in the first. 
It can l)e traced with ease from the siyermatogonia to a rathei- late 
spermatid stage. 


V. SUMMARY. 

There is near the distal end of each testicular follicle an apical cell 
surrounded by primary 8i)ermatogonial cells. The secondary spermato- 
gonia are enclosed in cysts of connective tissue <*ells. The spematogonial 
chromosomes divide longitudinally, the accessory chromosomes with the 
rest. During the growth i)eriod the autosomes become diffuse whereas 
the accessory remains a compact body applied to the nuclear membrane. 
Tlie spireme assumes a polar arrangement in' the middle and late growth 
[•eriods, and splits longitudinally at the beginning of tetrad formation. 
During the period of tetrad fomation the accessory i’emains compact; 
The first maturation division is probably longitudinal, the second trans- 
verse. The accessory chromosome divides in the second maturation divi- 
sion and not in the fli’st, one-half of the siierms therefore contain an 
accessory chromosome and the other half do not. 
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NOTES ON THE AMPHIBIANS AND REPTILES OF CASS 
COT^NTY, MICHIGAN. 

CIIYSTAL. THOMPSON. 

The data set forth in this pai)er are the result of an expedition sent 
by the University of Michigan Museum to Cass County, Michigan, dur- 
ing the summer of 1910. The party was c^omposed of Miss Frances Dun- 
bar and the writer. The flield work extended from July 14 to July 30, 
inclusive, and was supplemented by a week^s work by the writer in May, 
1911. The investigations were undertaken as a part of the general 
biological survey of the state that is being carried on by the Museum 
and the Michigan Geological and Biological Survey. 

Cass County lies in the southwestern part of the lower peninsula of 
Michigan. It is one of the lower tier of (*ounties and is separated from 
Lake Michigan by but one county, Berrien. Its importance biologically 
is due to the proximity of the prairie region to the south and west and 
to the fact that it is one of the few counties in Michigan which lies 
in the Upper Austral faunal zone of Merriam. One might very well 
expect then, to tind any pwiirie forms from Indiana and Illinois that 
extend into the state and tlie most southern species in the Michigan 
fauna. The topography of the county is characteristically that of a 
glaciated region. The land is for the most part gently mlling with a 
few small areas of more level prairies. There is an abundance of small 
lakes; these lakes covering approximately twenty square miles. 
Ohristianh Creek in the southeast portion and Dowagiac Creek in the 
northwest portion with their smaller tributaries serve ti> ctirry the drain- 
age into the St. Joseph River. 

The work of the expedition was carried on in the central part of the 
county, about Diamond T^ake and the group of lakes known as the Mud 
Lakes of Jefferson and (^alvin townships. These regions were selected 
because of the fact that they furnished a variety of surface features, 
and also because it was known that the region was rich in amphibians 
and reptiles. 

Diamond Lake is situated about one-half mile from the village of (3ass- 
opolis. It is about two and one-half miles long by one mile wide, with 
an island of about eighty acres in the center. The banks rise gently 
from the waters edge and ai-e covered in places by dense beech and 
maple forests, or by cleared fields. At the southeast end is Turtle Bay, 
a small, inther deep bay, the bottom of wliich, in contrast to the sandy 
bottom of the rest of the lake, is muck. The banks, instead of rising 
from the water as gentle slopes, are mere swamps of rushes and willows. 

The chain of three lakes, known as the Mud Likes, is situated about 
two miles south of Diamond Lake, and is also drained by tributaries of 
Christiana <^reek. They cover an area appi*oximateIy one and one-fourth 
miles long by one-fourth mile broad, and ai*e, as the name implies, mud 
bottom lakes, with deposits of marl in some places. The banks are 
swampy and there is a dense growth of water plants over the bottom. 
The upper and longer lake of the chain is known as Lmg Lake, another 
below this, and into which a ditch empties is called Ditch Lake, and the 
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third, which is the outlet for the other two, is commonly known as 
Parker Lake. 

Collecting was carried on principally about Diamond and Mud Lakes, 
but one trip was also made to Goose Lake, which lies about three miles 
west of the Mud Lakes and is drained by a ditch which empties into 
Ditch Lake. Special attention was given to the amphibian and rep- 
tilian fauna although other forms were also collected. The Mud Lakes 
were especially rich in both these groups as wan to be expected from 
the character of the lakes themselves and from the suiTounding country. 
Diamond Lake was not rich in either amphibians or reptiles except in 
Turtle Bay. We ' found several species of turtles there but were partic- 
ularly impressed by the large number and the size of the soft shells. 

It may be worth while to mention that we had the best of success 
in capturing tuiTlas* by using a turtle net with a two-inch mesJi. Set in 
a favorable situation this net would capture as many as twenty speci- 
mens in one day. 

Two hundred and twenty-nine specimens representing eight species of 
amphibians^ six species of snakes and seven species of turtlei^ were 
obtained. This gives a fairly good knowledge of the fauna of the region, 
although there are of course, a number of other species there that were 
not found. The fonns not represented in the collection must, hovever, 
be rare. 


LIST OP SPECIES. 

AMPHIBIA, 

1. americamis Le Conte. — Several young specimens and two 
adults were taken. This species is very common in the region. 

2. Hyla pickennyii Holbrook. — Two specimens were taken in a 
swampy place near Long T^ake. 

2a. Hyla rersicolor Le Conte. — Two specimens were taken May 21, 
IDll. The species is common in the region. 

3. Rana pipiens Shreber. — This species was seen frequently along the 
shores of the lakes and in the high grass. Sixteen specimens were taken. 

4. Ram clamitans Latreille. — The green frog was very common. It 
was especially abundant in and near a small stream which forms the out- 
let for a spring near the boat landing on Long Lake. Twelve specimens 
were taken. 

5. Rana cateshiana Shaw. — One specimen was taken at Long Lake, 
They are found there in considerable numbers, and also at Goose Lake. 

5a. R^na palustris Ije Conte. — ^This species was found in large num* 
hers along the ditch about one-half mile from Ditch Lake, and also on 
the shore of Long Lake. Forty-eight specimens were taken in May, 1911. 

5b. Aai« gryllm Le Conte. — A single specimen was taken May 22 
but later escaped. 

SERPENTES. 

6. Thamnophis sirtaUs (linneaus). — This species was found along 
the borders of marshes and lakes and was usually taken in early evening. 
Two specimens were taken from a hollow tree on the edge of a marsh. 
Ten specimens were taken. 

7. Natrix sipedon (Ljnneaus).-»-Two specimens of this watersnake 
were takens one from the water on Diamond Lake and the other from 
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the bank of a small ditch near Ditch Lake. It was common along the 
borders of the lakes and streams. 

7a. Bascanion constrictor Linneaiis. — This species occurs commonly 
along the borders of marshes and lakes. Four specimens were taken in 
May, 1011. 

7b. Ophiholus doliatus triun^ulus (Boie). — A single specimen was 
taken in May, 1911. 

8. Heterodon platyrhinus Latreille. — One specimen was taken in 
Cassopolis and later presented to us. Inasmuch as the residents gener- 
ally confuse those snakes which even in a slight respect resemble the 
rattler, it was impossible to get other certain records of its occurrence 
in the region. It is to be expected that it occasionally comes in from the 
sand region along the shore of Lake Michigan. 

9. Bistrurm catcnatus (Raflnesque). — Two rattlesnakes were taken. 
One, a large female was found under a pile of old stumps at the border 
of a marsh; the other, a very small individual, was discoveml coiled up 
on a tuft of grass at the boat landing on Long Laka 

TESTUniNATA.* 

10. Trionyx spinifertts Le 8exir. — Three soft-shelled turtles were 
secured, one from Long Lake and two from Turtle Bay, Diamond Lake. 
It was very plentiful in Turtle Bay, but only one other than the one 
taken was observed in Long Lake, and it probably occurred in smaller 
numbers there. 

11. Cheh/dra serpentina Linneaus. — This species was very common 
throughout the region. That it is a very favorable locality for them is 
also shown by the very large size to which they attain. Twelve speci- 
mens were taken. 

12. Aromoclielys odoratus Latreille. — This species was abundant in 
the Mud Lakes, but none were seen in Diamond Lake. Nine specimens 
were taken. 

13. Chrysemys cinerea (Bonn). — This species was found in large num- 

bers in all the lakes worked, and frequently on land. Sixty-four speci- 
mtens were secured. Many of these showed marked variation in the 
number and arrangement of the plates of the plastron. . ,, 

14. Emys hlandingii (Holbrook). — Three specimens taken in Mud 
Lake, together with, another which escaped were the only individuals 
of this species seen. 

15. Clemmys guttata (Schneider). — But one specimen of the spotted 
turtle was taken in 1919 and no others were seen. The specimen secured 
was caught in -the turtle net set in a ditch where they were formerly very 
abundant. There is a specimen in the University of Michigan Museum 
which was taken from the same place in 1997. Eighteen specimens were 
secured in 1911. 

16. Terrapcnc caroUm (Linneaus). — The land tortoise is quite com- 
mon in the region, especially in the woods on the high banks along 
Ditch Lake. Three specimens ' were taken, two near the lake and the 
third in the woods along the ditch about a mile from the lakes. 

Ann Arbor, Mich., April, 1911. 

* MalacUmve oeographica (Le Seur) — Probably occurs in Cass County, fiince Gibbs, ^otestein and 
Clark (Ahnual Report Mich. Acad, Scl., 1906, p. 110) list it from Van Buren County, and there are 
specimens in the University of Michigan Museum from St. Joseph County. 
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REPORT ON THE CRU8TAC;EA OOLLECTED BY THE UNIVER- 
STTY OP MTOHIGAN-WALKER EXPEDITION IN THE 
STATE OF VERA CRUZ, MEXICO.^ 


The ITniversity of Miehigan-Walker Exi>edition (summer of 1910), 
under the direction of Dr. A. G. Ruthven, obtained representatives of 
eleven spfH*ies of crustaceans, four of them new, in southern Vera Cruz. 
The following pajyer is the result of the study of this material and con- 
tains the descriptions of the new species. 

Most of the sjyeciinens were collected on the hacienda of Cuatotolapam 
which is on the plain at the base of the Kan Andreas Tuxtla mountains 
and in the canton of Acayucau (elevation fifteen meters). Keveral 
si)eci€s were taken at Lake Catemaco, at an elevation of .‘198 metem in 
the Kan Andreas Tuxtla range. 

The numbers given to the specimens refer to the University’ of Mich- 
igan Museum catalogs. 


COPEPODA. 

1. Cyclops JetHkarfi C/laus. — Kix individuals of the species were col- 
lected with a Birge net from La Laja creek at ('uatotolapam on August 8, 
1910. 


OSTRACODA. 

2. Cypridopsis s]). — Keveral specimens thus identified by Prof. Kharpe 
were taken in the shallow water in Lake Cateinaco on July 27. 


ISOPOOA. 

Cuharis tvalkerl, new si)ecies. — Body convex, minutely granulate; 
thoracic segmentsi each with an elongated sw’ollen mass of blended 
tubercles on each side 1 mm. from the middle line. Head more than 
twice as wide as long; anterior margin straight, strongly reflexed; eyes 
rather large, sixteen ocelli. Antennae with flagellum shorter tlVan last 
joint of peduncle; first joint of flagellum less than a third as long as 
second. First segment of body separated by grooves from the latei*al 
margins which are somewhat reflexed; lateral margins of other thoracic 
segments narrow, strongly flexed posteriorly ; first Qoxipodite free along 
w’^hole outer margin, divergent at posterior end; second coxipodite free 
along outer end and anterior margins, divergent at outer edge. Pleotel- 
son strongly constricted in the middle, about as wide as long, width 
at distal end one-fourth less than at proximal end; a low tubercle near 


iWhen Dr. Pearse was called to the University of the Philippines, in April, 1911, this paper was com- 
pleted except for the identifications of the ostracods and shrimpa, and two species of isopoda. He 
had already submitted the ostracod material to Prof. R. W. Sharpe for identification, ana the other 
undetermined specimens were later sent to Miss Mary J. Rathbun of the IT. S. National Museum. A 
specimen of Probopyrus bithynis found by Miss Rathbun on one of the shrimps and another species of 
isopod (PorcelHo rathkei) that had not been submitted to Dr. Pearse were identified by Dr. Harriet 
Richardson. The Muf-eura is indebted to these persons for their assistance. 

A general account of this expedition will be pum^hed in the annual report of the head curator of the 
University of Michigan Museum for the year 1910-1911 . — Alexander O, Rutkven. 
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proximal margin in median line. Uropoda with basal segment a little 
longer than wide; inner branch robust, spatniate, more than half as 
long as pleo|plson, attached on the posterior inner margin of basal seg- 
ment; outer branch sinail, conical, inserted more on the dorsal than 
ventral surface of the basal segment at the middle of its inner margin. 
Color of alcoholic siieciniens slaty; a series of longitudinal median white 
blotches along the segments from the head to the pleotelson; lateial 
margins of fii*st, third, fourth and all abdominal segments more or less 
wlhite. Dimensions: 11 by 5.5 raillimieters. 

Eleven siiecimens of this si)ecies (4170b, 41709, 41711, 41712, 41713) 
were collected between August 3 and August 13, 1910. The two type 
specimens were taken at Cuatotolapam, August 4, and all of the othei^ 
w^ere secured at the same place. All of the individuals were found under 
logs, leaves or stones. The species is named for Bryant Walker of De- 
troit, Michigan, whose generosity made the exjjedition })ossible. 

4. Probopyrufi hithyniH Richardson. — A six’cimen of this species was 
found by Miss Rathbun within the branchial ohaml>er of one of the sj)eci- 
mens of Miwrolmwhium^ olfersii. According to Miss Rathbun this is 
the fii’st time that the si^)ecies has been found ])arasitic on this shrimp. 

5. PorcrlUo rathkei Brandt (?), — Several spe<*imens thus identified 
by Dr. Richardson were taken in decaying palm trees in low jungle at 
Cuatotolapam. Dr. Richardson states that the markings differ from 
those shown by individuals from the United States, but that this is 
pmbably but a variation exhibited by P. rathkei. 

AMPinroDA. 

(5. Hyalella ornata. new s])ecies. — Body slightly compi*essed; pleou 
segments 1 and 2 each j>roduc^ into a doi*sal spine in large individuals. 
Head longer than first i>eraeon segment; eyes large, elongated, ellii>tical. 
Hide plates 1-4 rectangular with rounded corners. Pleon segments 3, 
posterior lateral angles slightly produced, tip rounded. Antenna 1 
reaching beyond middle of flagellum .of antenna 2, ffagelluni longer than 
l>eduncle, 0-7 segmented. Antenna 2 with ultimate segment of {>eduncle 
a little longer than the ]>enultiiimte, flagellum longer than peduncle. 
Maxilla 1 with four plumose setae on apex of inner plate, (juathopods 
ornamented with low, cresentric, hairy tubercles. (Tnathopod 1 slender, 
palm transverse, sinous, defined by a tubercle. Gnathopod 2 in male, 
sixth joint stout, longer than broad, palm oblique, a notch near the base 
of the finger and a tubercle at the defining angle; finger stout, curved. 
Gnathopod 2 in female weak and slender, fifth and sixth joints both 
swollen into a large tubercle on the iiosterior margin, sixth about twice 
as long as broad, posterior margin longer than front; palm nearly 
straight, a shallow notch at base of finger. Posterior mai-gin of sec*ond 
joints of peraepods 2-4 smooth, jwsterior margin of 5 serrate. Peraepod 
4 not quite as long as 5. Ramus of uropod 3 as long as peduncle, blender, 
tapering, with a tooth and two setae at apex. Telson about as wide as 
long; apical margin thin and rounded, a slender setae on each side of 
apex. Length, 4 mm. 

This species is given the name ornata on account of the tubercles which 
cover parts of the anterio*r margins of the last two segments and the 
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posterior margins of the last four segments of the first gnathopo^s of 
both sexes; they are also found on the same places on the sectmd gpatho- 
pods of the female, but appear only on the posterior margin^f the fourth 
and sixth segments of the second gnathopods of the male. About 200 
specimens were collected in Lake Catemaco on July 27. They were found 
in large numbers on the stones near shore. 

UBCOPODA. 

7. Camharus piloshnantm Ortmann. — An adult female (41707) of this 
species was taken from a drainage ditch leading into La Laja creek at 
Cuatotolapam on July 18. Its measurements are as follows: length of 
carapace, 37 ; tip of rostrum to cervical groove, 24 ; width of carapace, 
17; height of carapace, 15.6. 

Three young female crayfishes (48708, 41710), about 22 mm^ in length, 
collected on the shore of Lake Catemaco, July 27, appear to belong to 
this species. 

8. Cambarus ruthvem, new species. — Only two specimens were col- 
lected, a male (41705) and a female (41704). Both were taken as they 
walked along the bank of a ditch in a guarda raya at Cuatotolapam, 
.July 26. The female w'a.s carrying .young that had completed their second 
moult; the male is first form. The characteristics of these two specimens 
are as follows: 

Male: Rostrum snbplane, margins elevated, convergent, slightly con- 
vex; acumen short, hairy below along lateral margins, Postorbital 
ridges slight l,y converging anteriorly, swollen at posterior end. Carapace 
compress^, plane above, granulated on sides, thickly punctuate above, 
almost smooth behind rostrum ; cervical gioove sinuate; no lateral spines; 
branchiost^al spine very small, blunt; areola almost obliterated in its 
middle third ; posterior triangular space not clearly defined. Abdomen 
naiTow, about as long as carapace; basal st^ment of telson with three 
spines on each sida Epistoraa mth anterior part triangular, rounded 
at tip. Antennal scale broadest toward the distal end ; flagellum reach- 
ing to fourth abdominal segment. First pereiopods elongated, hand 
elongated, somew^hat compressed, margins, <8ubparaHel ; surface thickl.v 
granulate, granules distinct ever.\where but more prominent toward 
inner margin ; fingers almost as long as palm, both with a smooth ridge 
down the middle of each aide, bearing a few tufts of bristles at tip, both 
denticulate on inner margin, the fixed finger with a larger tooth near base. 
Oarpopodite with a very shallow sulcus on upper side ; granulated eveiy- 
where; granules larger on inner side. Meropodite granulated above and 
below; smooth on inner and outer surfaces; granules on lower surface 
arranged in two rows. Ischiopodite of third pair of legs with a slender 
pointed hook. First pleopods (Fig. 3 A, B) rather short, straight; 
anterior margin with a riioulder near tips; outer and inner parts in close 
apposition to their tips; tip on -inner jiart straight; tip of outer part 
stouter, blunt, bearing a horny spine near tip, flattened on inner face 
vith hairs pinnately araanged on each side. Length, 58.5 mm.; length 
of carapace, 30 ; tip of rostnim to cervical groove, 19 ; breadth of carapace, 
14.6; height of carapace, 14. 
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Female: Similar to male; granulations on carapace less prominent. 
Annulus ventralis small, (Pig. 3 0) prominent, liemisplierical, with, a 
sinous longitudinal fissure; a conical tubercle (0, D) between the bases 
of the fifth w’aJking l^s which is a little larger than the annulus. 
Length, 61.7 mm. ; length of carapace. 26.6 ; rostrum to cervical groove, 
17 ; breadth of carapace, 13; height of carapace. 12.2. 

This species has the spine between the fifth walking legs of the female 
which Ortmann assigns as a characteristic of the subgenus Paracamharuts, 
but it cannot be placed in that group on account of the characteristics 
of the male (i. e., the presence of hooks on the third walking legs and 
the absence of horny tips on the branches of the first pleopods) which are 
like those of his sul^enus Paracambanis. Nevertheless, as Andrews has 
demonstrated the presence of a spine on the steninm of the last thoracic 
segment in two of Ortmann’i? subgenera other than Paracamhdrm, i. e., 
in- Proramharm (in the form of a rounded tnl)erele) and Camharellus, 
the writer would assign C. ruthvem to the subgenns Procamharm. 

Dr. Ruthven says that tlm species is a burrower, and that the burrows 
are common along the drainage ditches on the low land at C’uatotolapam. 

9. Macrohrachium avanlhurns (Wiogmanu). — Several specimens were 
laken in seines from the Hueyapam River at Cuatotolapani. It was 
quite abundant along the shores. 

10. Mncrohrachium olferKii (Wiegmann). — Tnm specimens were taken 
in the seines with the last species. 

11. lYichodactifhis conutrictud, new species. — The following descrip- 
tion is from a female (41717) bearing young under her abdomen. 

- Carapace punctate above; front margin slightly concave, smooth, 
slightly reflexed. /T-shaped depression well defined; jmsterior ends of 
lateral margins strongly narrowed, jtosterior seventh of carapace % 
as wide as gi’eatest width ; three antero lateral spines, first one some 
distance 1)ehind the orbit; gastric rogion strongly elevated. Front 
abniptly deflexed; orbital sinus in front of carapace rather deep. An 
obtuse spine at the ventral inner angle of the orbit; an elevated ridge 
on outer and ventral margins of orbit. Maxillipedes; eschium with inner 
and outer margins about equal in length ; merus with inner margin 
as long as outer; exognath almost as long as endognath. Ohelipeds: 
merus with a pointed spine on the inner and one on the outer margin 
below; also a spinous tubercle at the outer distal angle; carpus indis- 
tinctly punctate, a spine on the inner margin; hand rather flattened, 
punctations faint and tending to cause low transverse ridges, margins 
subparallel; fingera flattened, a prominent ridge on upper surface of 
each, gaping very little at base; nine denticles on moveable finger and 
eight on fixed finger, these are larger toward the distal ends of fingera. 
Ambulatory legs little compressed except the fifth pair, all sparsely 
pilose. Abdomen and under surface of body not punctate. Length of 
abdomen, 16.3ram; width, 14.6. Length of carapace 17.5; width, 19. 

The above description was made from a sijecimen taken at Lake Cate- 
maco, July 27. Dr. Ruthven reports that it was collected with eight 
other females (No. 4171H) along the lake shoi-e under rocks which wero 
not submerged or even washed by the waves. Pour of the individuals 
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taken were carrying eggs and one besides the type bore young. The 
measurements of eight females collected with the type are as follows: 

1 Length 1«.6 16.3 18.0 19.5' 17.4 18.1 15.0 .17.0 

Carapace \ 

i Breadth 18.0 17.7 19.1 21.0 19.5 20.6 15.8 19.0 

No males were collected. The species is ncained comtrictus on account of 
the narrowness of the posterior portion of the abdomen. 


EXPI.ANATION OP PIGURES. 

Figure 1. Cuharis iralkeri. A, ventral view of first and second side 
plates; B, dorsal view of head; C, second antenna; 1), first maxilla; E. 
last two segments of body and nropeds, dorsal view; F, ventral view 
of pleotelson and left uropod. 

Figure 2. Hyallella omata. A, left second gnathopod of male; B, 
first antenna; second antenna; D, telson; E, uropod; F, first maxilla; 
G, second gnathopod of female; H, first gnathopod of male. 

Figure 3. Camharm ruthi'eni. A, inner surface of first pleopod of 
male; B, outer surface of first pleopod of male; C, ventral surface of a 
part of the seventh and eighth thoracic segments of female showing the 
annulus ventralis and the spine on the ventral surface of eighth thoracic- 
segment of female. 

Figure 4. Tricrhodactijlns conutrictus. Dorsal view of type female and 
claw of another female. Photograph taken by E. W. Sink. 

Ann Arbor, Mich., April, 1911. 
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NOTES ON MICHIGAN REPTILES AND AMPHIBIANS, TIT. 

ALEXANDER G. UUTHVEN. 

A considerable amount of additional data on Michigan reptiles and 
amphibians has accumulated at the Univei*sity of Michigan Museum dur- 
ing the past year. Most of it, however, was obtained by the Cass County 
and Mei*shon (Charity Island) expeditions, and, as the Cass County 
material is to be reimrted upon by Miss Thompson ^ and the data secured 
by the Mershon expedition is not to be published until after next sum- 
mer’s (1911) work, there remains but little for me to report upon.. 


Diadophis punctata (Linnaeus). 


One of the two most noteworthy additions to the herpetology of Michi- 
gan this year was the finding of a specimen of the ring-necked snake at 
Pine Lake, Oakland County. The specimen was found under the bark of 
a decaying stump, May 15, 1910, by A. W. Andrews, W. W. Newcomb 
and P. A. Taverner, and is now, thanks to the kindm\ss of these men. 
in the museum collection. The scutellation is as follows: dorsal scale 
rows 15, upper labials 7, lower labials 7, oculars 2*2, temporals 1-1, 
veulrals 147, subcaudals 57. It is a male and the total length is t378 mm., 
and the tail length 92 mm. 

The ring-necked snake is quite rare in Michigan, and its distribution 
is very uncertain. The records in the literature are as follows: Mich- 
igan'^; Ann Arbor^; Grayling*; Eaton County'^; Olivet, Kalamazoo, and 
Montcalm and Van Buren Counties;® Marquette*^. 

The specimen upon which Smith’s Ann Arbor record was probably 
based is in the Museum. It is the only one that I have seen from this 
locality. Of its occurrence in Eaton County, Clark says : ‘‘Rather rare ; 
only two specimens have been examined.” One of these (at least one 
labeled “Olivet”) is now^ in the laboratory of Olivet College®. I believe 
that the Ann Arbor, Olivet (Eaton County),, Grayling, and Pine Ltike 
records are the only ones that we can consider reliable at present. The 
“Michigan” records of Sager and Miles are too general to be of use. 
The Marquette record was given on the authority of Dr. Downing, and 
the records for Kalamazoo, Montcalm and Van Buren Counties are un- 
supported by specimens. Young individuals of Storeria ocdpitomaculata 
are frequently confused with this species so that one cannot safely rely 
upon reports. 


U3th Ann. Kept. Mich. Acad. Sci.. 

2Sager. A. Senate Doc. State of Mich., 1839, 302. Miles, M. First Biennial Kept. Mich. Geol. 
Surv„ 1861. 2.33. 

•Smith, W. H. Supp. Science News, 1879, VTT. 

^Cope, E. D. Kept. U. S, Nat. Mus., 1898, p. 753, 
faark, H. L. Fourth Ann. Kept. Mich. Acad. Sci., p. 193. 

"Gibbs, M., Notestein, F.- N., and Qark, H. L. 7th Ann. Kept. Mich. Acad. Sci., p. 110. 
^Ruthven, A. G. Rept. Mich. Geol. Surv., 1905. p. 111. 

•This specimen has been examined for me by Crystal and Helen Thompson. The scutellation is 
as follows; Dorsals, 15, upper labials 8, lower labials 7, oculars 2-1, temporals 1-1, ventrals 148. 
subcaudals 50. 
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EemidaetyUvm acutatum (Schlegel). 

The only Michigan record for this species is Eaton County, as given 
by Clark^. He says : “A. single specimen of this uncommon salamander 
was collected May 13, 1901. It was found in the earth on the roots of 
a violet, which had been pulled up. So far as I can learn, it has not 
I)reviously been collected in Michigan. Pour other specimens, two males 
and two females, were taken together in April, 1902, under a log. The 
females were fully twice as large as the males.” 

All five of these specimens (at least five siiecimens) are still at Olivet 
and have been examined by the Misses Thompson in the preparation of 
tbeir report upon the amphibians of the state. They have also been so 
fortunate as to secure an additional specimen from near Ypsilanti. 
This specimen (Fig. 1) was received alive fi*om Miss Jessie Phelps, and 
was taken in low wet W(a>dK. 

THE FAUNA OF THE nOlIGIAS LAKE REGION. 

The museum has received, from the University of Michigan Biological 
Htation, a considerable amount of material from the vicinity of Douglas 
Lake in Chelmygan county. No si>ecial effort has been made to secure 
specimens of reptiles and amphibians at the station, so that the collection 
does not as yet give us an accurate knowledge of the fauna of the region. 
It is valuable, however, for the additional data on the intrastate dis- 
tribution of a numl)er of species. The species so far obtained are: 

Xecturua inuoulosm Raf. 

Plethodnn rim-rciis (Green). 

DiemyctUm inrulcm'na Raf. 

Ainhyatoma jeffcrmnUmum (Green). 

Rana, cJamitam Latr. 

Rana pipi-ens Hch. 

Ram catesbenna, Shaw. 

Ram sylratu'a I'antabriyensis (Baird). 

Rufo amerieanua LeOonte. 

Nutrijr sipedon (L.). 

Timnnophia airtalia (L.). 

LiopeUia i^nwlia (DeKay). 

Lampropeltia doUatua trian-gulna (Boie). 

Chrysemya cinerca (Bonn.). 

Ann Arbor, Mich.. April, 1911, 

'Ia)c. cit., p. 193. 
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THE CONCHOLOGICAL SURVEY OF MICHIGAN. 

BRYANT WAI^KEB. 

The conchological history of Michigan antedates' the state itself. The 
publication by Thomas Say of his celebrated article on ‘^Conchology^’ in 
the first American edition of Nicholson’s Encyclopedia of Arts and 
Sciences in 1817 was the real beginning of American Oonchology and is 
the cornerstone of the .present elaborate and intricate stnicture known as 
our Systematic Oonchology. 

As early as 1822, by some means not now known, a small lot of shells 
from Thunder Bay near Alpena came into the possession of Thomas Rack- 
ett, then a well-known English conchologist, who published an account of 
them in the Transactions of the Linnean Society of I.»ondon of that year. 
Only seven species are enumerated and lo but four of these are specific 
names given. One, Helix {Polygyra) monodorv, still bears the name that 
he gave it; another had already been described by Say in 1817 ; the third 
was the circumboreal Lymnam palustris long before named by Muller 
and the fourih, Turbo fontinalis, has never been identified by any recent 
author. 

It can be said, therefoi^, with but little fear of contradiction, that the 
earliest reference to Michigan zoology is to be found in this attempt to 
exploit its molluscan fauna. 

Michigan l)ecame a state in 18.^7. And one of the firet acts of the first 
legislature of the new state was the establishment of a State Geological 
Survey, with Douglas Houghton at its head as geologist and Dr. Abram 
Sager as zoologist. 

Dr. Sager had already become interested in our local mollusks, and 
as early as 1836 had supplied Conrad with Michigan material for his 
^^Monograph of the Vnionidcp” The results of his work in this field were 
embodied in his report, which hears date, January 12, 1839. It is a 
simple list, without descriptions or localities, of 75 nam^ species. 

The reorganization of the Geological Survey in 1859, brought about 
the appointment of the late Dr. Manly Miles as state zoologist, who, in 
1860, published the second catalogue of Michigan mollusca. This, in 
addition to a list of 161 species, included a few explanatory notes and 
descriptions of two supposed new species. 

From this time until the establishment of the present Biological Sur- 
vey in 1905, there was no oflScial recognition of recent conchology by the 
state authorities. But there was, nevertheless, a steady increase in the 
knowledge of our fauna through the work of individual collectors. In 
1850, A. O. Currier came to Grand Rapids from Troy, N. Y., and in the 
course of the next thirty years, with the assistance of Dr. W, H. DeCamp, 
J. A. McNeil and L. H. Streng, made a most thorough exploration of 
Kent county and did a very considerable amount of collecting elsewhere 
in the state. The results of their labors were embodied in Currier’s 
catalogue of 1868, which listed 171 species and DeOamp’s of 1881, which 
increased the numl)er to 221 species. 
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’TJie first re^lar meeting of this society in December, 1894, was the 
oceasiton of the compilation by the w^riter of a new catalogue, which 
brought the number of listed species up to 284. A recent list prepared 
for the present meeting of the Academy recognizes 301 species as repre- 
sented in our fauna. 

The great increase in general knowledge in regard to our mollusca 
that has accrued during the seventy years that have elapsed since the first 
catalogue was published by Sager, while adding many new species to 
our fauna, has also thrown into the synonymy many of the species listed 
as valid by the early writers, ?»o that the actual increase of our knowl- 
edge of the extent of the fauna of the state has been greater than would 
appear from the face of the I'eturns. Eliminating all doubtful citations 
and synonyms, the growth of tlie known fauna of the state during that 
time is shown by the following summary: 


Sager 1839 , 68 siiecies. 

Miles 1860 139 

Currier 1868 149 

DeCamp 1881 185 “ 

Walker 1894 250 

Walker 1911 301 ‘‘ 


The organization of the Academy in 1804, which has done so much 
for the advancement of science in the state, had its influence on our local 
oonchology. In 1896 the Oonohological Section was organized and 
through the influence thus exerted, a complete census of all the i*ecords 
of Michigan species contained in all of the public and private collections 
of the state was compiled and now forms an invaluable record for all 
future time. 

As is necessai’ily the case in the development of all new territory, the 
work of the early collectors of the state was collecting, pure and simple, 
the gathering and identification of material from all possible sources. 
And it is only of recent years that any attempt has been made to study 
our fauna as a whole and in connection with the faunas of the adjacent 
regions, to work out the various problems in distribution that presented 
themselyes. Indeed, it was not possible to take up this phase of the 
work, until a suflieient amount of collecting had been done in all parts 
of the state to give a reasonably accurate knowledge of the extent of the 
fauna and the approximate range of, at least, the leading genera and 
species. Bricks cannot be made without straw and generalizing on in- 
suflaicient data is always dangerous business. To these early collectors, 
then, Is to be given the credit of laying the foundations of that detailed 
knowledge of our fauna that enables us of the present generation, with 
onr greater knowledge of faunal relations, to build our theories of dis- 
tnbution. And, if their light was small, they did their work well ac- 
cording to the light they had and we are now reaping the fruits of their 
labors. 

The establishment of the Biological Survey in 1905, after many years 
of strenuous endeavor on the part of the Academy, has resulted in large 
and rapid advances in our knowledge of the fauna of the state and of 
the distribution of many of the species. 

The completion of the survey of Isle Royale, the exploration of the 
practically unknown district of Huron county, the work in the Meiioiu- 
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inee re^on and the expedition of last year to the Charity Islands have 
all contributed valuable data that we would not have except for the 
Survey. 

The work of the Survey, tlius far, has been and must, necessarily, con- 
tinue to be field work, directed with a special view to collecting data 
bearing on the various problems involved in the study of the distribu- 
tion of our fauna. Systematic and continuous field work can only be 
done under the direction of the Survey. And that must be primarily 
the work of the Survey. There is no diflaculty in getting competent as- 
sistance in ^^working up” all tlie material that may be collected. The 
diflSculty is in getting the requisite material. And this it should be the 
duty of the Survey to provide. 

Take the subject, in which I am specially interested, for example. 
We know that our unione fauna is made up of two distinct elements. 
One, essentially boreal in its character, came in from the north and east. 
The other from the south and west. Many of the species came from 
faunal areas that are now wholly separated from the St. Tiiiwrence Basin, 
in which Michigan lies. The question as to how these species were able 
to effect a lodgment in our territory is one of great interest and of con- 
siderable scientific importance. But, before we can adequately under- 
take to consider that problem, it is al>solutely essential that we should 
know! the exact range in the diffei*ent drainage areas of the state of the 
various species involved, and, if possible, the causes that in the i>ast and 
now seem to limit their range. And it is in just these essential par- 
ticulars that our present knowledge is deficient. Thus, in the Upi^er 
Peninsula, the fauna of the Ste. Mary’s river and of Lake Superior is 
entirely boreal in its character. The fauna of the Menominee river, the 
dividing line between Michigan and Wisconsin, on the other hand is 
composed of the Mississippian species that here, apparently, reach their 
northern limit. Whether this is exactly correct or not, w^e do not know 
as the several rivers flowing into Lake Michigan between the Menominee 
and the Straits of Mackinac are wholly unexplored. We should like to 
know) what the faunas of these rivers are and, when the dividing line 
between these two faunal areas is definitely deteniiined, to know what 
the environmental conditions are that fix that limit and prevent these 
southern species from creeping around and obtaining a foothold in the 
Ste. Mary’s river. This is only one of several questions involved in the 
same inquiry. 

In the same way, in the Tx)wer Peninsula, the Saginaw-Grand Valley 
is apparently the northern limit of the range of most of the southern 
fauna that fill the waters of the counties lying south of that valley. We 
should like to knowi whether this is true and, if it is the fact, then, 
why it is so. But, unfortunately, scarcely anything is known in regard 
to the fauna of the counties occupying the central part of the state north 
of the Saginaw-Grand Valley, and we are blocked in our attempts to 
find an adequate explanation for this, apparent, fact by the almost entire 
lack of the data that we should have to enable us to undertake the con- 
sideration of the problem with any assurance of satisfactory results, 

Tliese are but samples of many similar problems that appeal to the 
student of faunistics. And it would seem eminently proper that, so far 
as it can, the Survey should, in the future, plan its work with reference 
to these broader questions that appeal to the philosophical naturalist. 
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All ilm has reference to the purely scientific work of the Survey. But 
it seems to me that there is another field of endeavor, of even greater 
importance, that should appeal to the Survey, if it has the real scientific 
interests of the people of this state at heart. I refer to its possible rela- 
tions to our educational system and, if you please, to popular natural 
history. And I speak of it in this connection because it seems to me 
that the department that I represent is most admirably adapted for that 
class of work. 

In 1855, there were in the city of Grand Rapids, alone, four students 
of coiicholog;^’^ and probably as many more in different parts of the state. 
In the year of grace, 1911, so far as I know, there are only three persons 
in the whole state of Michigan, who ai*e actively interested in the collec- 
tion and study of our mollusca. Thirty years ago, there was not a 
single si>ecial teacher of natural science in any school in the state. To- 
day, even the second rate high schools have at least one. Today, hun- 
dreds of scholars in our schools i*eceive some sort of instruction in 
natural science. Whereas a generation ago, no such instruction was 
even attempted. Nevertheless, though during the seventeen yeai*s that 
this society has had its regular annual meetings, like ‘‘a voice in the 
wilderness,” I have proclaimed the special advantages and opportunities 
for work afforded by my specialty, in all that time, I have not had a 
single inquiry from, any high scliool teacher in this state expressing 
any j)ei*sonal interest in the subj€H!t and only one fi*om a teacher re* 
questing infonnation for a scholar. If this indifference were confined 
to conchology alone» it might charitably l>e ascribed to the forbidding 
nature of tlie subject, without necessitating any reflections upon the 
qualifications of its advocate, but, as I have reason to believe it is 
equally true ijn rtigard to all the other branches of botany and zoologi^ 
with the possible exception of ornithology’. So far as I have been able 
to ascertain, during the last twenty years, there has not been a single 
fact added to our knowledge of our flora and fauna by the high school 
teachers of this state. If this is true, it is certainly a lamentable fact 
and I fefir that it is so near the truth as to l)e a serious criticism of our 
present methods of instruction. It would seem as though the love of 
nature played no ymrt in the equipment of a successful teacher of biology^ 
And, indeed, it would almost seem that the present method of biologi- 
cal instruction in our schools was actually inimical to the acquisition of 
any practical and intelligent interest in natural history. If the object 
of our present system is to evolve, by a process of mor^ or less natural 
selection, the biological teachers for the next generation^ then pi^sum- 
ably it is more or less successful. But if its purpose is the greatest 
good to the greatest number of students, if its object is to lay the foun- 
dation for an active and intelligent interest in the world lying about 
us that shall be a source of inspiration and pleasui*e in after life, then 
it certainly seems to me that it is questionable whether it does justify 
its existence. 

The study of the classics in our schools and colleges, has tlirough ^‘dry- 
as-dust,” antiquated and impractical methods of instruction, become, 
at the present time, an almost inappreciable element in our system of 
education. It wbuld be a sad day, if, in tlie not distant future, our 
methods of scientific instruction should likewise be weighed in the bal- 
ance and found wanting. 
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I would, therefore, plead for more natural history of the old fashioned 
kind and for more nature study, even of the fakish kind, and lees 
morphological biology with Mendelian variations in our schools and even 
in our colleges. For as- the proverb runs, “The fathers have eaten sour 
^apes and the children’s teeth are set on edge,” which, by the why, is 
a pretty clear statement of the doctrine of the inheritance of acquired 
characteristics for 600 B. C. 

But, even, if this is hot true and the real cause is to^be sought else- 
where, the great dearth of popular interest in natural' science during 
the last twenty years seems to be a. fact that must be reco^iaed and 
deplored. The recent increase in favor of “nature study” as it is called 
in popular language or “Ecology” in scientific nomenclature, would 
seem to be a revival in modem dress of the old-time natural history and 
may, indeed, be the swing of the pendulum back toward its original 
starting point. And, in so far as it tends to po^larize science and to 
create an active and intelligent interest among all classes of the com- 
munity in our animals and plants and all the various phenomena of ani- 
mated nature, it is certainly deserving of the support of all who have the 
real interests of science at heart. For, without the popular support that 
comes from an intelligent appreciation of the methods, purposes and re- 
sults: of scientific investigation, pure science and the interests of hi^er, 
technical scientific education -will still continue to lack that hearty and 
gmierous recognition from the people and their representatives, to which 
they are entitled. 

It is along these lines of popular education in science that it would 
seem eminently proper that the Survey should to some extent, at least, 
direct its efforts. The collection and distribution among Ihe high schools 
of the state of proper uuaterial for illustrating the characteristic elements 
of Our fiora and fauna; the publication of manuals and of literature, 
not too technical and even along popular lines, on ecological and other 
subjects calculated to stimulate an interest in all branches of natural 
science and a cordial and systematic co-operation with the teachers of 
the state in their work of instruction would do much to create a volume 
of public opinion that could not fail to have a favorable influence upon 
the advancement of science in all of its departments. And in thus lend- 
ing its knowledge and influence to the cause of popular education, it 
Would certainly seem that the survey would justify its existence at the 
bar of public opinion. 

Detroit, Mich., April, 1911. 
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A CHECKLIST OP MICHIGAN MOLLUSCA. 

BBYANT WALKER. 

PREFACE. 

The last general catalogue of the mollusca of the state was published 
in 1884. During the seventeen years that have elapsed since that time, 
not only htis the number of species known to inhabit the state been 
largely increased, but the advance in systematic conchology has resulted 
in many changes in classification and specific nomemclature. 

The constantly increasing size of the known fauna of the state is 
shown by the following summary of the several general catalogues that 
have been published since the first, in 1839. All synonyms and obviously 
erroneous citations have been omitted and the comparison is based on 
the accepted nomenclature of the present time. 


Name. 

Date. 

Land. 

Fresh Water 
Pulmonates. 

Fresh Water 
Operculates. 

Bi\Tilves. 

Total. 

Sager 

1839 

23 

10 

4 

26 

63 

Miles 

1860 

44 

24 

14 

48 

130 

Currier .... ... 

1868 

44 

34 

12 

52 

1 142 

DeCamp ... 

1881 

48 

38 

23 

68 

177 

Walker , ... 

1894 


61 

1 31 

' 81 

1 234 

Walker .... 

1911 

1 83 

67 

33 

118 

301 


In view of these facts, it has seemed probable that a check-list, 
brought down to date, might be of service to those interested in our 
local fauna. 

Detroit, March 1, 1911. 


CHECK-LIST. 

1. Aoanthinula Jiarpa (Say). 

2, Vallonia costata (Mtill.). 

3, excentrica Sterki. 

4. pidchella (Mfill.), 

5. Polygyra albolubris (Say). 

deniata (Tryon,). 
maritima Pils. 

6, clausa (Say). 
elevata (Say). 

8. frtmduhnta Pils. 

9. fratema (Say). 

10. Mrauia (Say). 

11. inflecta (Say). 

12. mitcheUUma (Lea) . 

13. monodon (Rack.). 
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14. 


15. 

16. 
17. 


18. 

19. 

20 . 
21 . 
22 . 

23. 

24. 

25. 

26. 


27. 

28. 

29. 

30. 
• 31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 
4S. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60 . 


Poh/gyra multiUneata (Bay). 

alha (Witt.). 
ru^ra Witt.). 
palliata (Say). 
penmylmnim ( Green ) . 
profunda (Say). 

alia (Walk.). 
sayana Pits. 
tJiyroides (Say). 
tridentata (Say). 
zaleta (Binn.). 

Strohilopfi affims Pils. 

falyrinthica (Say). 

Virgo (Pils.). 

Pupoides niarginatus (Say). 

Bifidaria armifera (Say). 

affinis Sterki. 
simills Sterki. 
clappii Sterki. 
rontracta (Say). 
norticaria (Say). 
pen tod on (Say). 
tappaniana (O. B. Ads.). 

Pupilla, muscorum (L.). 

Vertigo lollesiana (MseA. 
gouldii Binn. 
nulium Ged. 
morsel Sterki. 
ovata Say. 
tridentata Wolf. 
iTen trieosa (Mse.). 

elatior Sterki. 

CochUoopa lulrioa (Miill.). 

Circinaria coneuva (Say). 

Omphalina fuliginosa (Griff.). 

inornata (Say). 

Vitrina Umpida Gld. 

Vitrea linneyana (Mse.). 
cellaria (Miill.). 
ferrea (Mse.). 
hammonis (Strom). 
indentata (Say). 
rmdtidentata (Say). 
rhoadsi Pils. 

Wheatley i (Bid.). 

Euoomilus chersinus polygyratus Pils. 
fulvus (Miill.). 

Zonitoides arhorea (Say). 

exigua. (Stiinp.). 

Umatilla (Ward). 
milium (Mse.) . 
minuscula (Binn.). 
nitida (Miill.). 
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61. Oastrodonta dendsaa (Binn,). 

62. intertexta ( Binn. ) . 

63. ligera (Say). 

64. auppresBa (Say). 

65. AgrioUmax agrestia (L.). 

66. ca/inpeatria ( Say ) . 

67. PMlomycm caroUnenaia (Bose,). 

68. PalUfera doraalia (Binn.). 

69. hempMlli (W. G. Binn.). 

70. PyramidAifa alternata (Say). 

alha (Try on). 

71 . aster iacua ( Mse. ) . 

72. (Tonkheitei alhitia Ckll.). 

afvtJvon/yi Pils. 
oatahillensia Pils. 

73. perspectiva ( Say ) . 

74. aoUtaria (Say). 

75. Helicodiacua parallelus (Say). 

76. Punctum pygmwum (Drap.). 

77. ^pliyrndium rdenUilum (Drap.). 

78. Succinea amra Say. 

alia Ckll. 
major W. G. Binn. 
rermeta Say. 

79. concordialis Gld. 

80. ovaUs Say. 

optima Pils. 

81. retnsa Lea. 

decampii Tryon. 
imgiater Pils. 
pcoriemis Wolf. 

82. Carychi/um exigimm (Say). 

83. exile H. C. Lea. 

canadetuse Clapp. 

84. Lymncra apicina Lea. 

85. hakeri Walker. 

86. capei^ata Say. 

87. cataaeopium Say. 

88. cohimella Say. 

chalylea Gld. 

89. contraeta ^'Curr,'^ DK.-anip. 

90. vycloatoma Walker. 

91. elodes Say. 

jolietmaia Baker. 

92. exilia Lea. 

93. dalH Baker. 

94. davisi Walker. 

95. emarginata Say. 

angulata Sby. 
canadenMa Sby. 
ontoArioemia Knst. 

wiaoonaineuaia Baker, 
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96. Lynmwa galhana Say. 

97. Jialdemmii W. G. Binn. 

98. humilis modicella Say. 

rustica Lea. 

99. kirtltmdiana Lea. 

100. laneeata Gld. 

101. megasoma Say. 

102. nasoni Baker, 

103. ohrussa Say. 

deoampii Streng. 
exigua I^ea. 

, pemnstUw Walker. 

104. pallida C. B. Ads. 

105. palustris Mtill. 

alpenemis Baker. 
zehra Taylor. 

106. parm Lea. 

107. petoskeyensis Walker. 

108. * pilsl)ryana Walker. 

109. reflexa Say. 

tvalkeri Baker. 


zebra Tryon. 

110. stagnalis a/ppressa Say. 

lilliafia Baker. 
peram^pla Walker. 
sanctw-mariw Walker. 

111. umbilicata C. B. Ads. 

112. woodruffi. Baker. 

113. Physa anatina Lea. 

114. ancillaria Say. 

erassa Walker. 
magnalacustris Walker. 

115. brevispira Lea. 

116. crandafli Baker. 

117. deformis Curr. 

118. elUptica Lea. 

minor Crandall. 

119. gyrina Say. 

Iiildrethinna Lea. 
oleacea Tryon. 

120. heterostropha Say. 

121. integra Hald. 

bilUngsii Heron. 

122. lordi Bd. 

123. niagarensis Lea. 

124. pomiKd shoimlteri Lea. 

125. soAjii Tapp. 

warreniana Lea. 

126. vinosa Gld. 

127. walkeri Crandall. 
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128 . 


129 . 

l.%. 


131 . 


132 . 

133 . 

134 . 

135 . 

136 . 

137 . 

138 . 


139 . 

140 . 

141. 

142 . 

143 . 

144 . 

145 . 

146 . 

147 . 

148 . 

149. 

150 . 
161 . 


1 . 52 . 

153 . 

164 . 


155 . 

156 . 


167. 

168. 
169. 


Aplexa hypnorutn (L.). 

glabra (DeKay). 
tryoni (Ourr.). 

sp.? 

Planoriia hicarinatus Say. 

arooatookemis Pils. 
corrugatus Curr. 
percarinatua Walker. 
portagenaia Baker. 
royalenaia Walker. 
atriatua Baker. 
campatmlatua Say. 

minor Dkr. 
rudentia Dali. 
corpulentua Say. 
criaia L. 
defloctua Say. 
ewacuoua Say. 
hirautua Qld. 
mvJtivolvia Case. 
parvua Say. 

walkeri Van. 
trivolvia Say. 

Mnneyi Tryon. 
trmwatm Miles. 
umbilioatellua Ckll. 

Segmentina armigera (Say). 

craaailaltria Walker. 

Ancylm fuacua C. B. Ads. 

eugraptua Pils. 
kirklandi Walker. 
parallelua Hald. 
rimUaia Say. 
ahimekU Pils. 
tardus Say. 
walkeri P. & F. 

Valvata Omrinata connectana Walker. 

perdeprcaaa Walker. 
levyiaU C5un-. 
aincera Say. 

nylanderi Dali. 
tricarinata Say. 

confuaa Walker. 
aimplem Qld. 
umeaHnata DeKay. 
Vivipara contectoidea W. G. Binn. 
Campeloma dedaa (Say). 

^va Ourr. Mss. 
tnelanoatoma Curr. Mss. 
Integra (Say). 
mileaii (Lea). 
oheaa -(Lewis). 
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160. 

161. 

162. 

168. 


164 . 

165. 

166. 
167. 
16S. 
160. 

170. 

171. 

172. 
178. 
174. 
17o. 

176. 

177. 

1 78. 
170. 
ISO. 
181. 

182. 

188. 

184. 

185. 

186. 

187. 

188. 
180. 
101 ). 
101 . 
102 . 
108. 

104. 

105. 

106. 

107. 

108. 
100 . 
200 . 


201 . 

202 . 


Gampelcmia rufa ( Ha Id. ) . 

gihha (Ourr.). 
suhffolidu ( Antli. ) . 

Bythima tentaculata (L.). 

Paludestrhia nickliniana (Lea). 

attemiata (Hald.) . 

sp.? 

Bomatogyrus suhglohomca ( Say ) . 

A tunica la cinci nna t i eu s A n tli. 
emarglnata Kiist. 
letsoni Walker. 
limosa (Say). 

porata (Say). 

Itistrijca Pils. 

UHilkcri Pils. 

Lyogyrus pupoidUniH (Gld.). 

PotuatiopsiH cim*iuuatfCUHis (Lea). 

lapldavia (Say) . 

Pleurocera siihularc (Iutn\). 

in teu.smn ( live . ) . 
clcvatum (Say). 
ncglectuni (Antli.). 

Gonioh(fsis hrvmspira (Aiith.). 
depygis (Say). 
grncUior { Antli ) . 
li tycsccHs ( ISI ke. ) . 

translifcrns (Anlh. ). 
pulchella (Antli.). 
iseruidvarinata ( Say ) . 

Tmnoilla perplewa rangiana (Lea). 
sulcata delicatii Simp. 
triquetra. Kaf. 

triangularis ( Bar . ) . 

Micromya fa halts ( Lea ) . 

Latupsilis ala ta ( Say ) . 

elUpsifonnis (Con.) . 
glatis (Lea). 
gracilis (Bar.) . 
iris (Lea). 

Iwvissi ma ( Lea ) . 
leptodon (Raf.) . 
ligamentina (Lam.). 
luteola (J^m.). 

roseacca (DeKay). 
multiradiata (Lea). 
nasuta (Say). 
parva (Bar.). 
recta ( Lam. ) . 

sageri (Con.). 
suiter iorcnsis ( Marsh ) . 

Vim tricosa ( Bar. ) . 

canadensis (Lea). 
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203 . 

204 . 

205 . 

206 . 

207 . 

208 . 

209 . 

210 . 
211 . 


212 . 

213 . 


214 . 

215 . 

216 . 
217 . 
219 . 


220 . 

221 . 

222 . 

2 ^ 3 . 

224 . 


225 . 

226 . 
227 . 

‘^28 

ooq 

230 ! 

231 . 

23 ^^ 

233! 

234 . 

235 . 

236 . 

237 . 

238 . 

239 . 

240 . 

241 . 

242 . 

243 . 

244 . 

245 . 

246 . 


OiovaHa circula (Lea). 

ellipsis (Lea). 
leihii (Lea). 
lem (Lea). 

Plagiolii donaciformiH (Lea). 
elegans (I^ea). 

Ohliquaria refteoDa R^if. 

Ptgchohranclins phnseohis (Hild.). 

^trophitus rdentnliis (Say). 

pamnta (Lea.). 
rhomhim (Anth.l. 

Anodonta corpulenta Coop. 
grandis Say. 

hcnediotensia Lea. 
footiam Lea. 
gigantea Lea. 
imhecilis Say. 
kenmcottii Lea. 
margitmta Say. 
suhgihl) 08 a Aiitli. 

Anodontoides fervssacwna (Lea). 

modest n (Lea). 
suheplind raced ( Lea ) . 

Symphynota complaimta (Bar.). 
comprcssa^ Lea. 
eostata^ (Raf). 

Alasmidonia caleeola (Lea). 

marginata (Say). 

varleosa (Lam. | 

Hemilasteua amhlgua (Say). 

Unio compJanai as (Dill.). 
gihhosus Bar. 

Quadriila eoecAnea (Con.). 

kirtlandiana (Lea.) 
la eh rym osa ( Lea ) . 
plicaia (Say). 
ptisftilosa^ (Lea). 
ruMginosa (Lea). 
tahereulata (Raf.). 
undata (Bar.). 
undulata (Bar.). 

hippopea (Lea). 

Hpharium aureuin (Pme.). 

crassmn Sterki. 
emarginatum (Pme.) . 
fahaie (Pme.). 
flavum (Pme.). 
lineaium Sterki. 
occidenfale Pme. 
rhomhoidciim ( Say ) . 
simile (Say). 
solid ahm (Pme.). 
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247. 

Sphwriim straminemi (Con.)* 

248. 

striatinum (Tjam.).- 

249. 

tenue (Pme.). 

260. 

Mmcivlium partumeium (Say). 

251. 

roadcevm (Pme.). 

252. 

ryckholtn Norm. 

253. 

securis (Pme.). 

cardissiim (Pme.). 
croceum (Lewis). 

254. 

sphwricum ( Anth. ) . 

255. 

transrersum (Say). 

256. 

truncatum (Lind.). 

257. 

Pisidium ahditum Hald. 

258. 

ahyssorum Stimp. 

259. 

adamsi Pme. 

260. 

acquilaterale Pme. 

261. 

affine Sterki. 

262. 

atlanticum Sterki. 

203. 

complonatnm Sterki. 

264. 

comprcasum Pme. 

arrosiom Sterki. 
confertnm Sierki. 
rostratum Sterki. 
lanvyatnm Sterki. 

265. 

cantor tnm Pme. 

266. 

cosiatum Sterki. 

267. 

crnciatum Sterki. 

268. 

cnneiforme Sterki. 

269. 

fallow Sterki. 

errans Sterki. 
mite Sterki. 

270. 

handtverkerii Sterki. 

271. 

idahoenae Sterki. 

272. 

imbecile Sterki. 

273. 

kirklandi Sterki. 

274. 

levissimnm Sterki. 

275. 

mainense Sterki. 

276 

mediamim Sterki. 

mimUum Sterki. 

277. 

milium Held. 

278. 

monas Sterki. 

279. 

neglectum^ Sterki. 

corpulentum Sterki. 

280. 

novehoraecnsc Pme. 

cxpoMsum Sterki. 
fraternum Sterki. 
lineatum Sterki. 

281. 

ohioense Sterki. 

282. 

pauperculum Sterki. 

283. 

peraltnm Sterki. 

284. 

poUtum Sterki. 
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285. 


28G. 

287. 

288. 

289. 

290. 

291. 

292. 

293. 

294. 

295. 

296. 

297. 


298. 

299. 

300. 

301. 


Pisidimv punetatum Sterki. 

armatum Sterki. 
simpler Sterki. 
ropevl Sterki. 
rotundatum Pine. 
sargenti Sterki. 
smitellatum Sterki. 
splendidulum Sterki. 
strengii Slerki. 
subrotundnm Sterki. 
sucoineiim Sterki. 
siiperius Sterki. 
ienuissimum Sterki. 
trapezoid emu Sterki. 
variahilc Pine. 

brevius Sterki. 
vcntricosuni Pnie. 
vesicular e Sterki. 
virghiicum (Gmel.) . 
tcalkeri Sterki. 


Detroit, Mich., March 1, 1911. 
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NOTES ON MICHIGAN CRUSTACEA. I. 

A. S. PEARSK. 

In the twelftli report of this Academy, the writer published a prelim- 
inary list of the Crustacea of Michigan.^ Although every effort was 
made to include all references to the carcinological fauna of this state, 
one i>aper by E. B. Williamson- was overlooked. The localities men- 
tioned by this author are, therefore, included in the present paper. Dur- 
ing the past year the University of Michigan Museum has received 
crustaceans from several sources, and, although no neWi species foy the 
state have been secured, the ranges of several have been extended. The 
following records represent new localities for the sj^cies listed: 

CLADOCERA. 

Bosmina longirostris O. P. M. Douglas Lake, Cheboygan County. 

Daphnia hyalina Leydig. Douglas Lake, Cheboygan County. 

LcptQdora hyalina Lilljeborg. Douglas Lake, Cheboygan County. 

Polyphemus peclictflus Linn. Douglas I^ake, Cheboygan County. 

COPEPODA. 

Cyclops hicnspidatus Claus. Douglas Lake, Cheboygan County. 

EpiscJiura lacustris Forbes. Douglas Lake, Cheboygan County. 

AMPHIPODA. 

Gammarus Jimmrns f^inith. Carp Cr(H*k, Cheboygan County. 

DECAPODA. 

Camharus argillicola Faxon. Douglas Lake, Chel>oygan County. This 
record is of particular interest for the sjieeies has not previously been 
recorded farther north than Saginaw and Gratiot Counties. 

Camharns hartoni rohustus (Girard). Charity Islands and Fort 
Austin in Huron County; Ionia County. Williamson (op, ciL) found 
(7. hartoni north of Sanlt Rte. Marie in Canada, but all the specimens 
from Michigan are of the variety rohnstus. However, no representa- 
tives of this species have as yet been taken in Michigan from Lake Su- 
perior. 

Camharus propinquus Girard. Charity Islands and Port Austin 
in Huron County; Cass, Oliippewa, (Williamson, op, cit,) and Ionia 
Counties. 

Camharus virilis Hagen, Emmet County (Williamson, op, cit). 

Ann Arbor, Mich., April, 1911. 

*Pearse, A. S. 1910. A Preliminary List of the Crustacea of Michigan. 12th Rent. Mich. Acad 
Sci., pp. 68-76. 

*wifiiam8on, E. B. 1907. A Collecting Trip North of Sault Ste. Marie, Ontario. Ohio Natur., 
Vol. 7. pp. 129-148. 
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RESULTB OF THE MERBHON EXPEDITION TO THE CHARITY 
ISLANDS, LAKE HURON. 

MAMMALS. 

N. A. WOOD. 

This X)ai)er is one of a seriei; lliat is to apjK^ar on Ihe flora and fauna 
of the Charily Islands, as a result of investigations made by the different 
nijembers of the Mershon Exjiediiion of the IJnivei»sily of Michigan 
Museuni. A general account of Ihe ejcj)edition has already appeared.^ 
Jt is sufficient here 1o stale Ibal ihe work was made possible by the gen- 
erosity of Hon. W. R. Mershon of Saginaw, Michigan, and was carried 
oil, during the lale summer of lOlff. by six men, each of whom gave his 
attention to a parlicular group. The writer had charge of the vertebrate 
Avork, and, although the island is almost devoid of mammalian life and 
most of his attention was given to the birds,” he made an effort to secure 
as accurate a knowledge as |K>ssible of the mammals. 

The writer wishes to acknowledge the assistance of the light house 
kwper, (\aj)tain C. C. ]McDonald, and his assistant, Joseph Bingleton, 
both in collecting *specimeus and in furnishing data on species which 
they have noted on the islands. Caiffain McDonald's notes are particu- 
larly valuable for he has spent nine entire years on Charity Island 
and for twenty years has lived a part of each year there. 

The Charity Islands are situated near the mouth of Saginaw Bay, in 
latitude 44^ north. There are three islands in the group. Charity Island 
j>roi>er contains about six hundii^d and fifty acres, Little Charity, the 
next largest, about three acres, and Gull Island is a small projecting 
iwf, about a <piarter of an acre in extent, that is not usually shown on 
the maps. The islands are somewhat nearer the west coast than the 
east. (Charity Island is six and stwen-eighths miles southeast of Point 
Lookout on the north shore, and nine and five-eighths miles northwest 
of Caseville, seven and thi'ce-foiirths miles north of Sand Point, and nine 
miles northwest of Oak Point on the south shore. 

Geologically the foundation of the islands is Maxwell sandstone. On 
(ffiarity Island this outcrops as ledges on the north and east sides, but 
it also api>ears on the other sides, esi>ecially on the points, which are 
bare rock. The surface is covei'cd with sand driven uj) by the action of 
winds and waves into- fossil l)eaches and sand dunes. The island is 
being enlarged continually by the addition of sand flats, esixjcially on 
the west side, where a large bar of many acrc^s in extent is now almost 
at the surface of the water. IJttle (^harity Island is of much the same 
character, and Gull Rock is a low rocky islet covered with sand. 

Fortunately for our work, C^harity Island is a light-bouse station, and 
hunting and fishing within one mile of its shores, and the cutting of the 
vegetation are not i)ennitted. The conditions are thus quite primitive 

*Buthven. Alexander G. Sc.ence, N. S., XXXIII, pp. 208-209. 

*WiIson Bulletin, Vol. XXIII, pp. 78 U2. 
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except in the ininiediale vicinity of Ihe li^^lit. The dominant forest is 
red oak witli some hard and soft ma]>le, jadncipally on the north and 
east sides near tlie shore. In the latter place there is also a large beech 
tree, the* only one on the islands, and a few cottonwoods. Hcaltered 
throughout the interior are groups and single trees of white and Norway 
pine, white birch and iM>plar, and around the edges of a small lagoon 
or pond near the west side are a few small tamaracks and one jack j)ine, 
the latter also the only tree of its kind on the island. Near the center of 
the island there are a few small hemlock trees, and along the present 
l)eaches juniper and small willows are to be found. 

Little Charity Island is ju'ivately owned and is us^mI for a fishing 
station. The efi'ect of this up<m the fauna and flora is well marked. The 
large trees have been cut, and it has nearly fill Ix^en bunied over. It 
is now gro\Mi ui> to bushes, only a few large hackl>eri*y tr(*es and grou])S 
of smaller ones, with a fmv old oaks and some small willows and ]>o]>lars, 
repi*eseiiting the forest that once grew thei‘e. Cfull Rock is mostly with- 
out vegetation, but a few small willows and balsam-poplars grow on one 
end of it. 

Owing to the fact that tlu>e islands have had no land conneciion with 
the east or wesi shores of the bay since the glacial period, it is not sur- 
prising thal but few siw^cies of indigenous mammals occur in the group. 
The native siKK‘ies are r(‘d fox, American hare, coHontail, Say's brown 
bat, silver-haired bat, red bat and muskrat (one record). It is ensy 
to see how most of the species reached the islands from the mainland. 
The American hare, cottontail and fox cross ovtw on the ice in winter. 
In fact. Captain McDonald informed us that he has seen all of these 
species on the ice. He has noted the tracks of the hare and cottontail 
leading from the mainland to the island, and has seen fox(*s (*ome to tin' 
island from the mainland. The rac(*oon and fox squirrel were intro- 
duced by man. It is not definitely known how the single muskrat that 
observed on Charity Island reached (here, but it is safe to (‘oncludv* 
that it either SAvani there or crossed on the ice, with the ])robabilities 
in favor of the latter method. The bats, of course, fly over. 

LIST OF SPErfKS. 

1. Yiilpcft fvJvvs (Desmarest). Red Fox. — The fox is ap])arently not 
a regular rt^sident on the islands, t'afflain McDonald infonned us tlial 
in the winter of 19012-^1 a pair of red foxes took up their alx)de on Charity 
Island and found good living on the hares and cottontails which wero 
then common. Tin* ice broke up (*arly in the spring so that the pair 
could not get off the island. In the spring they had caught off most the 
hares and l>egan to catch the imultry, so a hunb'r and hound were 
brought over from Castwille. One fox was shot and the other was dug 
out of her den (a burrow in the ground, where she was rearing three 
young). No others have Ikmui known to breed on the island, but they 
no doubt have done so occasionally, although the island could not fur- 
nish food for any length of time to even one family of such carnivors. 
Captain McDonald informed us that, when chased by hounds in tlu' 
winter, foxes often cross the bay, and one winter asi he was si)earing. 
a couple of miles from the island, he saw a fox approaching on the i(*c. 

2. Lepus americannH Erxleben, Varying Hare. — This hare was found 
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oil riiarily JsUiml by ilio writer, but it was not coiiiiiion and was seen 
on blit two occasions. Two were shot by tlie kcKiiiers in November after 
ihe party had left the island. Tliis sjiecies has lived on Charity Island 
dnrinj»* the twenty-nine years that (^iiptain McDonald has had charge 
of the light and at times be(*anie very common. In the Avinter of 1902-3, 
th]*ee great horned owls came to ihe island and, tinding this species com- 
mon, stayed there and lived ni>on it until by s]>ring, between the OAvds 
and foxes, it AA"as nearly exienninated. It has not been common since 
that date. It has not lK»en obsened on Little Charity and of course not 
njjon Cull Rock. 

3. Sivilagufi forUlanus mcarnsl Allen. Cottontail. — The cottontail 
has never Ix^ni \T.ry abundant on (diarity Island. Only two Avere seen 
by the AVriter, one a very young one. On Little (diarity it is (piite com- 
mon, for example, on NoAdnlxu’ 20, 1990, Captain McDonald and his 
assistant, Mr. Singleton, shot ten in a short time. 

4. Fiber zihethicus (Linn.). Muskrat. — A single muskrat has been 
seen (1000) by the keepers, in the ])ond on Charity Island. The writer 
found the tunnels in sewral jdaces about the edge of the pond, but none 
'^ec^med to be in use, and no tra(*ks Avere observed. Although the ])ond 
is of good size, it is almost entirely devoid of the arpiatic plant food 
iHMassary to the life of this s]>ecies and in A\int(*r must fr(‘ez(* solid, fis 
lla* \vat(‘r is a^ct.v shalloAV. It is thus \*ery ])robable that tin* individual 
s('en Avas a straggler that Avas unable to persist. It may IniAe r(‘ached 
the island by swimming, but it more ])robably crossed on the ice. The 
*^]K'ci(*s is knoAvn to cross long stretches of snow in the wiiiter, and Mr. 
Singh*ton informed ns that he saAV one on the ice of the bay and miles 
fi'om the nearest land. 

o. i^cinnis ui(jcr rufirettier (CcotTrey). Fox Sipiirrel. — The only 
squirrels of this species ev(*r knoAvn on the islands Avere the olfspring 
of tAvo pair that Avcrc brought to (3\arity Island, in ISOG, from Cas(wille, 
Michigan, by Mr. Singleton. This i>air thrived and multiplied to such 
an extent that in 1002 they be<’aine a nuisame to the k(*e]MTS, as they 
al(‘ the fruits and viigetables in the garden. A few were shot and 
used for food, and for some reason the remainder all di(Hl during the 
folloAving Avinter. (kii>tain McDonald told the Avriter that in the spring 
many dead ones Avere found but Avithout marks of injury. Apparently 
the only available food for the s])ecies on tin* island Avould be acorns 
and the seeds of the Norway and Avhite ]nn(‘ (and ]K*rha])s the seeds 
of the poison ivy). The year 1002 may havi* been om* Avheii no acorns 
Avere groAvn, or, lik(‘ that of 1010, one Avhen they Avere mostly im])erfect 
or wormy. In DIG, the trees were full of a]>parently good acorns, but, 
although a great many were examined very feAv sound ones Avere found. 

0. Procjfon lotor (Linn.). Raccoon. — The Avriter often saAv the 
tracks of this spec*ies on the beaches of Charity Island, Avhere the ani- 
mals went to feed on the crayfish and clams among the rocks, and where 
too they often found injured fish that had been cast up by the AvaAa*s. 
The first coons Avere brought to the island in the summer of 1000 by 
Mr. Paul Deford, of Caseville, who released five of them. As there is 
plenty of food and many old trees Avith large cavities for shelter, the 
species has increased so that during the fall of 1000, the keepers, hunt- 
ing them with the aid of a hound, AA^ei*e able to secure fifteen. It Avas 
thought best not to further reduce the number, so none Avere taken 
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during the fall of 1910. Tfhe raccoon has no enemy but man on the 
island, and the keepers can regulate the number to suit the food condi- 
tions. 

7. Myotis siMutus (Say). Say’s Bat. — This species was rather com- 
mon about the light-house clearings on Charity Island and lived in 
some old buildings near the light. Nearly every evening after sundown 
one or more were seen as they flew once or twice around the light-house, 
and then down along the beach over the water or at the edge of- the 
forest. On the night of September 6, a hard thunder-storm occurred 
which lasted till morning. The outside door of the workshop was left 
open, and, when the writer went to close it at daylight, eight bats, all of 
this species, were found hanging to the side of the house behind it. 
A few were seen as late as October 14, and some of them probably stay 
all winter and hiternate as they have been found to do at Ann Arbor. 

8. Lasionyeferis 'ivoctivngans (Le Conte). Silver-haired Bat. — This 
bat was often seen flying about the light-house clearing on Charity Island. 
It seemed to hunt closer to the edge of the woods than the preceding 
species. It was not seen inside of the buildings and no doubt lived in 
the forest. There seemed to lie a migration on the evening of Septem- 
ber 8, for at that time great numbers were seen in the clearing about 
the light house. Several were shot and all were of this species. Pre- 
vious to this time only one or two pair had been seen, and none were 
seen again during our stay on the island. This flight may have con- 
sisted of island individuals that had collected preparatoi^ to migrating, 
or it may have been a movement of mainland individuals. 

9. Lasiurus borealis (Muller). Red Bat. — The red bat is apparently 
rare in the Charities as only a few were seen. Single specimens were 
shot on August 23 and 27, as they were flying about the light house 
clearing on Charity Island. 

Ann Arbor, Mich., April, 1911. 
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NOTES ON A PALAEMON PROM KAMEHUN. 

A. S. PBARSB. 

There is a single male specimen (Catalog No. 38875) of the shrimp, 
Palaemon {Macrobrachium) jamaicensis (Herbst) var. vollenhovenii 
(Herklots) in the University of Michigan Mnsenm. It was collected at 
Efnlan, Kribi, Karaerun, West Africa, by Mr, George Schwab. As little 
material of this species has been examined from the Kamerun region, 
the following data concerning this specimen may be of interest. 


Rostral formula ^ 

Total length .' 135 mm. 

Length of right second leg 120 mm. 

Length of merus 22 mm. 

Ijength of carpus 19.5 mm. 

Length of hand 68 mm. 

Palm-length 32 mm. 

breadth 8 mm, 

thickness 7 mm. 

Ijength of fingers 26 mm. 

Ann Arbor. Mich., April, 1911. 
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OBSERVATION ON THE MAMMALS OF THE DOUGLAS LAKE 
REGION, CHEBOYGAN COUNTY, MICHIGAN.* 

ORRIN J. WENZEL. 

Douglas Lake lies in the northern part of the southern peninsula of 
Michigan, about eighteen miles south of Mackinaw City and about twelve 
miles east of the city of Cheboygan. 

In general, the region is an old inne ^‘slashing’’ which at pi*esent is 
covered by white birch, brake feims, and a few huckleberry and black- 
berry bushes. Occasionally one finds a small patch of hardwood or a 
cedar swamp io break the monotony of the sandy “jnneries,’' and along 
the shores of the lake are to be seen in ])laces fringes of lall pim^s which 
have either escaped the axes of lumbermen or found conditions more 
favorable for growth after they had passed. One or two sphagnum 
bogs are also to be found within two miles of Douglas Lake. 

In this varied region, the University of Michigan maintains its Sum- 
mer Biological Station, and it is here that the ivriter had occasion to 
make a few observations on the mammals of the region along with other 
work carried on at the station. An attempt w'as mn<le to study the 
animals at certain stations. The latter were chosen arbitrarily hut 
each one selected differed in some respects from the others. They were 
all so nearly alike, however, that no very striking results w^ere obtained 
by this method. 

The specimens taken are in the University of Michigan Museum, and 
the numbers in the list of species are those which have been given, to them 
in the museum catalogs. It is hardly nec^essary to state that this paper 
gives but an incomplete idea of the mammalian life of the Douglas Lake 
region. The writer believes, however, that the records obtained are re- 
liable and trusts that as a preliminary report this paper will prove of 
some assistance both to those interested in the mammalian life of tlie 
region and students of the general fauna of the state. 

I wish to acknowledge my indebtedness to Dr. A. S. Pearse and Dr. 
A. G. Ruthven for helpful suggestions and criticisms both in the field 
work and in the preparations of this paper. 

LOCATION OP STATIONS. 

station I. This station was the immediate region of the camp. The 
soil was sandy and overgrown with brake ferns, huckleberry bushes, and 
white birch with a row of tall pines along the shore of the lake. Here 
only white-footed mice, chipmunks, and occasionally, though rarely, a 
red squirrel were taken. 

Station II. The area comprised in this station was what is known 
as Grape-vine Point. Nearest the water’s edge is an alluvial flat cov- 

♦Contributions from the Zoological Laboratory of the University of Michigan, No. 133. (Biological 
Station Series, Zoological Publication No. 3). 
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ered by a nearby pure stand of white birch under 'which mosses and 
liverworts (Fwm^ia and Marchantia) grow in the greatest abundance. 
Back of this, there is a sharp rise of ground covered by dense hard 
woods, mostly maple. The trees gradually bec*ome smaller as one leaves 
the lake and they are finally replaced by a dense growth of under-brush. 
Here were found white-footed mice, chipmunks, and red squirrels in abun- 
dance; and less frequently flying squirrels, raccoons, and deer. 

Station III. For the tliird station a point of land northeast of the 
station on the shores of the lake was chosen. At this place, a strip of 
pine fifty feet wide extends along the shores of the lake. Back of the 
pines are poplar and white birch and a slight depression in which wil- 
lows grow. At this place red squirrels, chipmunks, white-footed mice, 
hares, and the short-tailed shrew were found, and both foxes and deer 
came almost evei\y night to the beach at this point. 

station TV. A swamp near the ^‘Big Springs’' w'as selected for the 
fr)nrth station. Cedar, balsam and spruce were the principal trees; 
under these W’as a very thick soft carpet of sphagnum moss. In this 
place, white-footed mice, chipmunks and one Cooper’s lemming vole were 
taken. 

Station V. The fifth station selected was the hardwood forest north 
of the lake. Along the wateFs edge were found overhanging birches 
and hack of this ^vas a natural terrace on which almost nothing hut 
liemlock grew. Back of the hemlock, was a virgin forest of hardwood in 
which a few scattering hemlocks were found. At the west end of North 
Fishtail Bay, there was a piece of ]o\v ground covered with cedar, birch, 
and ash in abundance; cedar being the most ])lontiful. It was in this 
cedar hwamp that the only s])ecimen of red-backed niouse was tak(»ii. 
This was the best mammal station of all and the farthest from the 
Biological Camp. Becords or specimens of the following fomis were ob- 
tained: deer, red squirrels, fox squirrels, black and gray squirrels, fly- 
ing squirrels, muskrats, porcupines, red-backed mice, skunks, red foxes, 
raccoons, white-footed mice, bats, and hares. 

The location of the stations is shown on the accomi)anying sketch 
map. 
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LIST OF SPECIES. 

1. Odocoileus mnerioamia borealis Muller. Northern White-tailed 
Deer. — Deer are quite common in the region of Douglas Lake. The 
writer saw five during the eight week^s session of the summer school, 
and several more were seen by other students. Two or three came 
out to the lake, to eat the water vegetation or to drink, almost every 
night during tlie summer. 

2. Seiurus niger ruflventor (Geoffrey). Western Fox Squirrel. — ^This 
species was not found to be very abundant, perhaps for the reason that 
the country is as yet too sparsely settled. The fox squirrel in Michigan, 
unlike the gray and black squiri*els which i*etrea.t before the settlements, 
is found in groves and in small tracts of timber in the older settled 
regions.^ No specimens were taken, but farmers and hunters reported 
their presence. 

3. Seiurus carolinensis leucotis (Gapper). Northern Gray or Black 
Squirrel. This species was found in great abundance in the liardwood 
timber north of the lake. Three specimens were taken, two of which 
were deep black. Many more were seen, and it is interesting to note 
that of the ten specimens observed only four were gray and the i*est 
black. 

Mr. Norton, a man who has lived on Indian Point, Burt Lake, for a 
])eriod of more than ten years, told the writer that a family of black 
squirrels live in a tree back of his cottsige, and, as he never allowed 
anyone to molest them, he has had a good opportunity to observe their 
habits. The most interesting fact about these squirrels was that in the 
past ten years he had never seen one gray squirrel among the young 
of' those living in that tree. When large squirrels wei*e plentiful in 
Osceola county, the percentage of the black phase was even greater 
than is found at present in Cheboygan county. The writer has seen 
huntei-s bring in a bag of fifteen or twenty large squirrels and only 
one or two gray squirrels among them, the I’est being black. 


Museum Number. 

Sex. 

1 

j Color. 

( 

Lerifirth. 

Tail. 

Foot. 

41390. 

Adult female. . . 

i 

. ...1 Black 

469 

215 

64 

41389 

Adult Male 

... 1 Black 

464 

204 

64 

41396 

Adult female. . 

.... I Clray 

i 

430 

205 

69 


4. Seiurus hudsonicus loquaw (Bangs). Red Squirrel, Chickaree. — 
This squiri’el was found in great abundance wherever there was any 
timber at all. In the hardwood and hemlock forest north of Douglas 
Lake, especially near the shore in a narrow belt of hemlock, the noise 
made by numbers of these little animals was almost deafening during 
the early hours of the morning. 


Museum Number. 

Sex. 

Length. 

Tail. 

Foot. 

41392 

Adult male 

306 

120 

45 

41391 

Adult female 

295 

107 

45 
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5. Tamias striatus h/steri (Richardson). Lyster’s Striped Chip- 
munk. — ^This species is even more abundant than the red squirrel, for it 
is not, like the latter, confined to the timber. It could be seen and 
heard almost anywhere where there was enough shrubbery to furnish 
cover. The individuals were not in the least shy. One started to climb 
over one member of the party while he was standing motionless watch- 
ing for birds. Another student succeeded in taming a pair so that 
they came regularly into his tent to ent from his hands and pockets. 


Museum Number. 

Sex. 


t 

Tail. 

Foot. 

Ear. 

41393 . . . 

Adult male 

223 

76 

33 

15 


Adult male 

215 

79 

30 

IS 

41394 

Adult female.. 

222 

82 

35 

16 


Adult female.. 

240 

95 

35 

20 

4137S 

Adult f< male 

252 

91 

35 

18 


0. Ma^'mota monox monax (Linnaeus). Woodchuck. — Woodchucks 
were re])orted to occur around the farm metidows east of Douglas Lake. 
The writer who worked in the woods and ^^pineries’’ more than else- 
where was unable to find any very good i*ecords beyond the imports of 
the farmers, though an occasional old burrow left little doubt of their 
pr(‘sence.* 

7. Sciuropteris sahriiins (Shaw). Hudson Bay Flying Squirrel. — 
This species was reporled by woodcutters to be very plentiful but all 
elforts to secure specimens were without success. In talking with lum- 
bermen, the writer learned that it is not unusual for men to (*ut down 
hollow trees in which ten or more Hying squirrels live. This points 
toward gregariousness at least during hibernation. Several were seen 
at night playing about in the tops of low trees and making long flights 
from one tree to another. 

A nest was found not over nine feet from the ground in a rotten snag 
about eight in<*hes in diameter. Membei*s of the Biological station dis 
covered a family of flying squirrels in this stub during the summer of 
1909, but in 19io it had been abandoned. The nest was examined and 
found to be made almost entirely of wood fiber or inner bark shredded 
very finely. 

8. Peromyscus Iciicopns ^loveioraccnsfs (Fischer). Northern White- 
footed Deer Mouse. — This and the following species are very well repre- 
sented around Douglas I^ke. Wliite-footed mice are so abundant that 
it is diflicult to catch any of the rarer species of small mammals, for 
one is quite sure of finding his traps filled with these wood mice. 


Museum Number. 

1 Sex. 

Length. 

TaU. 

Foot. 

41384 

Adult female 

175 

[ 

80 

20 

41386 

Adult female 

180 

; . 90 

21 


Adult male 

161 

1 71 

i 

20 


♦The writer has taken a specimen since this paper went to xiress. 
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9. Perornyscivs mameulatus gracilis (Le Conte). Michigan Mouse. — 
As stated above, this species is a common form in the Douglas Lake 
region. 


Mus-eum Number. 

Sex. 

Length. 

Tail. ! 

Foot. 

41385 

Adult male .... 

171 

85 

20 

41387 . ... 

Adult female. ... 

177 

88 1 

1 20 

41383 

? female 

145 

61 

19 


19. MkrofuR pennsulntnicus (Ord.). ^leadow Mouse. — This siXH‘ies 
was found to Ik* quite plentiful in the meadows east of Douglas Lake. 
As one would exp(*(*t, none weit* found in the woods and ^^pineries.'^ Two 
s|K*cinieiis were taken. 


Museum Number. 

Si-x. 

Length. 

Tail. 

Foot. 

41.382.. 

Adult male 

145 

1 

I 43 1 

21 


Adult male 

1 160 

i 

47 

i ■ 

21 


11. FUxr zlhrthiniR (Linn.). Muskrat. — Probably because Douglas 
Lake has a sandy lH*ach nearly all arcuind it, not many jnuskrats art* 
found along ils shores. A few live in a small bayou on the west side 
of Nortli Fish-tail Hay. Negro River which lies east of Hurt Lake has 
very swanii>y shores and is an ideal place for mink and muskrats, and 
they are found in gi’eat abundance thei*e. The sjxcimen taken was so 
well concealed among the lily pads that it required the aid of field glasses 
to ascertain its hiding place. 

/ 

Museum Number. ! Sex. 1 Length. | Tail. \ Foot. 

I ill 


I 

237 : SO 

235 : 78 

I 


41395 . . I Adult female . 477 

j Adult ? 478 


12. Synaptowys coopcri Raird. (/Ooper s Lemming Vole. — This h*m- 
ming looks much like the Pennsylvania meadow mouse, except that it 
has a very short tail and has groov(*s along the front of the front in- 
cisors. Its fur or hair is coarser and grayer than that of the meadow 
mouse. Tt is quite plentiful in the siihagnum lM>gs netir Buri Lake and 
along Carp Creek. The writer has seen these little animals take to the 
water in Caiq) CnK*k and swim rapidly across the strong current appar- 
ently with the relative strength of the muskrat. 


Museum Number. 

Sex. 

41.381 ... 

Male 


Length. 


Tail. 

Foot. ! 

! 

Ear. 

18 

i' 

19 1 

11 


114 
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13. Evotomys gapperi (Vigors). Capper’s Red-baeked Vole. — One 
specimen of this species was taken in a cedar and sphagnum swamp 
north of North Fish-tail Bay. This is apparently the first record for the 
southern peninsula. 


Museum Number. 

Sex. 

Length. 

TaU. 

Foot. 

41379 . . . 

Adult female 

144 

42 

19 


14. ErctMzon. dorsatum (Linnaeus). Canadian Porcupine. — Numer- 
ous records of porcupines were obtained, but no living specimens were 
taken. Whei*ever abandoned lumber camps were found, it was not un- 
usual to find where porcupines had gnawed the boards, presumably for 
the salt found in them. Two dead animals were seen, one near Burt 
Lake and one north of Douglas T-»ake. 

15. Leptis americanus Erxleben. Varying Hare. — This species seemed 
very plentiful in and around the swami)s. Those caught were nearly 
always eaten (probably by foxes) out of the traps during the nights on 
which they were taken. Several were seen and signs were plentiful. 
Trapi)ers asserted that a disease breaks out among the hares and kills 
great numbers of them every few years. 

1(5. Lynx ruff ns (Gueldenstaedt). Red Lynx. — The wildcat, now 
quite uncommon in the Lower Peninsula of Michigan, may still be found 
in some of the denser swami>s and thickets of Cheboygan County. A 
man working in a small mill on Burt Lake stated that he saw two wild- 
cats in the swamp between Burt and Douglas Lakes during the summer 
of 1910. 

17. Urocyon cinerco-argcMteus (Schreber). Gray Fox. — Gray foxes 
ani still found in the region of Douglas Lake, though they are far less 
plentiful than the red fox. Hahn* states that, at the present time, the 
giay foxes, in Indiana, have burrows similar to those of the red foxes, 
though they may have lived in hollow logs and old tree trunks in former 
times. The writer has been able to observe the habits of foxes for sev- 
eral years in Michigan and has never known of a gray fox when hunted 
to take refuge in a burrow. Almost invariably they ‘^hole” in a hollow 
log, or, when hard pressed, in a log pile or under an upturned root. 

IS. Vulpes fnlva (Desmarest). Red Fox. — Red foxes are very plenti- 
ful in Cheboygan County. A mile or two away from human habitations, 
they may be seen almost any evening on the shores of the lakes, where 
they come to feed on fish and mussels. White-footed mice and the vary- 
ing hares probably furnish a large part of the natural food for the foxes 
of the region, as they are the only animals upon which they might feed 
ulhich are found in considerable numbers. 

19. MepJdtis putida Boitard. Eastern Skunk. — This form was found 
to Ik* quite plentiful. Fanners in; the neighboring region report that 
skunks are at the present time somewhat troublesome to the poultry 
yards. Many tracks were found and also places where they had been 
digging around the roots of stumps, probably in search of gimbs and in- 
sect larvae. 

*33r(l Ann. Kept. Dept. Geol. and Nat. Res., Ind. (1908), p. 560. 
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20. Taxidea taxm (Schreber). American Badger. — Farmers and 
hunters report that badgers are not rare in the Douglas Lake region, 
A farmer near Burt Lake had the skin of one in his possession. None* 
were observed by the writer. 

21. Lutreola vison (Schreber). Northeastern Mink. — Tracks of the 
mink wer^ found in some abundance along the small stmim which flows 
into North. 'Fish-tail Bay. Hunters and trappers report that they are 
to be found in great numbers in the region of Negro Cieek east of Burt 
Lake. 

22. Putorim noveboracensia, Emmons. New York Weasel. — Weasel 
tracks were seen in the sand along the beach. Funnel’s report that they 
are troublesome to poultry. 

23. Procyon lotor (Linnaeus). Common Raccoon. — These animals 
ai‘e probably still quite plentiful in the forest and timbered swamps of 
Cheboygan County where there are hollow trees large enough to afford 
them shelter. Tracks were plentiful along the shores of Douglas and 
Burt Lakes and the streams flowing into them. 

24. U7^stis americanns Pallas. Black Bear. — Occasionally a few bears 
make their appearance in any region in Northern Michigan where wild 
l)emes are abundant. One was seen between the lakes, during the sum- 
mer of 1910, by men working in a small mill on Burt Lake. Farmers and 
hunters reiKvrt that black l^ears are occasionally seen, but no one seemed 
able to say where they live or where they go when they leave. The writer 
was told by a farmejr living about three miles east of Douglas Lake that 
a small child was killed and eaten by a l>ear a year or two ago, while 
its mother was picking berries. This hardly seems credible, especially 
in l^eny season, though it was apixtrently believed by the man who told 
it. 

23. Blarina brcvhaiid^ (Say). Short-tailed Shrew. — This siiecies was 
found in a piece of low almost swampy ground on the south side of 
North Fish-tail Bay. 


Museum Number. 

Sex. 

1 Length. 

Tail. 

Foot. 

41380 

Adult male 

i 

. 1 115 

21 

15 


? ... 

1 95 

25 

I 

13 


26. C(yndylura cristaia (Linnaew). Star-nosed Mole. — A si)ecimen 
of the star-nosed mole was taken in the farming settlement southeast 
of Douglas Lake or east of Burt Lake. 


Museum Number. 

Sex. 

Length 

Tail. 

Foot. 

41377 


190 

82 

27 







27. Myotis suhulatus (Say). Say’s Brown Bat. — Many bats were 
seen about the station in the evenings, though it was found dii'iciilt to 
secure them. The only spi^clmen taken was Say's bat. 

Ann Arbor, Mich., April, 1911. 
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ODONATA COLLECTED AT DOUGLAS LAKE, MICHIGAN, IN THE 

SUMMER OF 1910.* 

ABIGAIL O’bRIEN. 

The Odonata in the following list were observed in the immediate 
vicinity of the University of Michigan Biological Station at Douglas 
Lake, Cheboygan County, Michigan, between July 9 and August 26. 
Thanks are due to Dr. A. S. Pearse, Assistant Director of the Station, 
for advice and assistance; to Mr. E. B. Williamson of Bluffton, Indiana, 
for valuable suggestions and the identification of the specimens of species- 
numbers 8, 12 and 13, and the verification of the writers identification of 
spec-iniens of species nuinbei’s 4, 16, 17, and 18, and to Mr. E. M. Walker, 
University of Toronto, for identification of the specimens of species num- 
bers 20, 21 and 22. 

1. Emllaffma caruneulatiim Morse. — ^Very common throughout the 
whole time. 

2. Fnallof/mu exsulafh^ Hagen , — Several taken, two in copulation. 

3. Ischniira vcHicalis Say, — Tvro females and one male taken August 

20 . 

4. Lestes difijanHus Selys. — First taken July 22, common till 
August 15. 

5. Lesfes ancaiu^^ Kirby. — Taken several times from July 23 till 
August 20. 

6. Lestes nngaiGuJatus Hagen. One male taken August 18. 

7. Lestes forcipatus Ramhwr , — Several of both sexes taken August 
19. 

8. Xelialennia irena Hagen. — Taken July 23 and later until 
August 20. 

9. Sympetrxini assimilatum Uliler. — Mgle and female taken together, 
also other specimens, August 19. 

10. Sympetrinn ohtrusum Hagen. — Taken from July 23 to August 20. 

11. Sympetram ruhicundulnm Say. — Common at several places 
around the lake from August 8 to August 15, rare after the latter date. 

12. Sympeirnm cosUferwm Hagen. — Common from August 1 to 
15. Tarsi were black instead of yellow as given by Muttkowski (Bul- 
letin Wisconsin Natural History Society (2) 6, page 111, (1908). 

13. Synipetrmn scotieum Donovan , — A few taken on August 11. 

14. Progomphus ohscurus Selys.— Four adults taken about the camp. 
Nymphs were very common in the sand along the lake shore under a 
few inches of water. Efforts were made to raise them from nyinj^hs kept 
in receptacles near the laboratory, but they were unsuc(*essful. The 
species apparently has not been reported from as far north as Douglas 
Lake. The nymphs w^ere common all summer but adults were not found 
after August 11. 

* Contr>but*ons from the Zoological Laboratory of the University of Mich’gan, No. 134 (B’ologica 
Station Ser.es. Zoological Publication No. 4. 
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15. Qomphiis soudderi Belys. — One male only; taken July 25. 

10. (iomplim vmtricoam Walsh. — One male only; taken July 21. 

17. Dromogomphus spinom Stelys. — Common everywhere all sum- 
mer. Exuviae found in great numbers on Ihe shore of Burt Lake, where 
they were seen emerging, June 21, by Dr. Pearse. 

18. Hagenius hrevistghis Belys. — Common everywhere all summer; 
often seen far out on the lake. One was seen to emerge from the 
nymphal skin on June 24 by Dr. Pear.se. 

19. Boyeria vinosa Say. — Several specimens of both sexes were taken 
and always in camp although Killicott says they prefer seclusion. July 
30 to August 30. 

20. Anax junius Drury. — A few nymphs of various ages were taken 
but no adults. 

21. Aeschna canadensis tValker. — Six males and four females were 
taken and others seen, July 21 to August 20. One was seen August 20, 
laying eggs on the moist wood of the dock. 

22. Aeschna intcrrwpta Walkei*. — One taken, August 18. 

23. Macronda iUinoiensis Walsh. — One adult iaken and a nymph 
found in the sand and scanty vegetation in eighteen inches of water. 
A single exuvia was found on the shore of Burt Lake. 

Nymphs of the Z.ygoi)tpra were found at various times but no effort was 
made to identify them. 

April, 1911. 

10 
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THE ORTHOPTEBA COLLECTED AT DOUGLAS LAKE, MICHI- 
GAN, IN 1910.* 

ALVALYN E. WOODWARD. 

All the Ortlioplera collected at the University Biological Station in 
1910 were given to the writer for identification. For aid in identifying 
five species I ani indebted to Prof. H. Osborn, of the Ohio State Univer- 
sity, and to Mr. A. N. Candell, of the National Museum. Professor A. 
S. Peai*se, acting director of the station, furnished thruout the summer 
inspiration and aid in many wa3^s, without which the work could not 
have been done. The description and keys are introduced for the con- 
venience of students at the station. 

Of the books referred to in the work, the following were found of the 
greatest help: 

Blatchley, W. S. — “The Orthoptera of Indiana.” Annual Report Indi- 
ana Department of Geology, 1901-2. 

Lugger, Otto — “The Ortho])tera of Minnesota.” Annual Report of 
Entomologist, University of Minnesota, 1897. 

Hanco(*k, Joseph L. — “The Teltigidea of North America.” (Chicago, 
1902. 

Saussnre, llenri T).--“Podromus Oedipodiorum Insect oruni ex ordine 
Orthoptoruin.” Memoir de la Societe de physicpie et d^iistorie natur- 
elle de Geneve, 1884. 

Scudder, Samuel 11. — “Revision of the Orthopteran Grou]) INIelanopli 
(Acrididae), with Special Reference to North America Forms.” Pro- 
ceedings U. S. National Museum, XX . Washington, 1897. 

The Douglas Lake region is coni])aratively new country. There are 
small areas of virgin ])ine — hemlock forest, a few cleared farms, bogs 
of various ages, and, near the biological station, a great tract which was 
burned over about ten years ago, and whi(*h has grown u]) to poplars, 
birch, and brake fern. Near the lake is a bare beach. With the exce})- 
lion of the loam in the bogs, the soil of the whole region is pure sand. 
As would be expected, theiv is not the usual variety of vegetation, only 
about 250 species of flowering jdants being reju'esented. Both the 
plants and animals are hardy forms, usually characLu-istic of high alti- 
tudes or latitudes. The birds and insects oc(‘ur in very large numbers, 
but the variety of sj>ecies is not correspond iugl,v large. 

While an attem])t was made to have the list of Ortho])tera complete, 
the writer is not convinced that it is so, since five species not previously 
taken were collected during the last week of the season. Between July 
4 and August 28, thirty speedes were found, distributed through eighteen 
genera and ten sub families. Vatnnnla pelliicida was the most numer- 
ous species. IHssosteira mrolkm was probably second in abundance, 

♦Contributions from the Zoolofdcal Laboratory of the University of Michigan. No. 132, (Biol- 
ogical Station Series, Zoological Publication, No. 2). 

Submitted as a theses for the decree Master of Science, University of Rochester, 19J1. 
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but is SO difficult to catch Lhai it did not form a large proportion of any 
one day’s catch. The two tables (I and II) represent the results of two 
typical day’s collections. 


Collected at Pine Point. 



Mides. 

Females. 

Total. 

Camnula pellucida 

18 

11 

29 

DUsoateira Carolina 

1 

4 


Melanoplua atlania ... 

1 


5 

bivitattufi ... . ... ... 

5 

3 

8 

femur-rubruin 

6 

1 

7 

Oecanthus faaciatuft ... ... 

1 

2 

3 

Scudderia pistUlata . . . . 

2 


2 

Xiphidium fasciatum. . . . . . 

12 

1 

‘ ’ 14 

26 


Collected along Carp Creek Road, near Concrete Bridge. 



Males, 

Females. ! 

Total. 

* Cammula pellucida . . . , . 

3 

1 

4 

GnjUus arenaceous.. 


1 

1 

Melanoplua atlanis. 

3 

2 

6 

femur-rubrum , 

3 

1 

4 

luridus . ... 

4 

1 

5 

Oecanthus fascialus 

1 1 

2 

3 

Xiphidium fasciatum. . 

3 


3 


♦Most of the Cammula pellucida caught were rejected and so not taken to the laboratory for count 


The Ortlioptera are ^a:ron]>e(l hy Blatehley into the suborders — Tson- 
saltatoria, Ihose not adaitted for jumping, and Saltatoria, the jumpers, 
wiih hind legs much thicker and longer than the middle pair. 


NON S A LTA TORI A . 

To the Non-salt atoria belong four families, the ear-wigs, roaches, 
manlids, and \yalking-sticlvs. But one species of all of these, however, 
was found, a roach which was probably : 

1. IsriDioptrra jmtttHylniuiCit (l)e (leeri. — “Male: Bronotum ellip- 
tic, front liorder slightly narroAver, its margin straight; the hind border 
rounded; an obliiiue depression on each side, near the base. Tegmina 
membranaceous, more or less transparent, long and rather narrow, ex- 
tending much beyond the tij) of the abdomen; Avings as long as tegmina. 
Sub-genital styles detlexed. 

“Female: Abdomen broader than thorax, its greatest Avidth con- 
tained less than tAviee in its total length. Disk of ])ronotum a little 
convex, and with no impi’essions; its hind margin nearly truncate, the 
front margin narroAAer, rounded; the lateral margins somewhat flmmg, 
their postcudor third slightly upturned. Teymina broad, o\Tr-Iapx)ing, 
covering from a half to three-fourths of abdomen, their apices rounded; 
the A^eins prominent. Inner Avings narrow, about half the length of the 
tegmina. 

‘^General color, chestnut broAAm to fuscous, the females the darker. 
Pace reddish brown in center, the margins yellow. Disk of pronotum 
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chestnut brown, margined on sides, and sometimes in front, with 
whitish yellow. Tegmina of male smoky brown; of female, dark 
reddish brown; the outer basal portion margined with yellowish. 

^‘Measurements: Length of body, male, 21 mm., female, 16 mm.; of 
antennae, male, 28 mm., of female, 18 mm. ; of pronotum, male and fe- 
male, 5 mm.; of tegmina, male, 22 mm., female, 6-10 mm.” — Blatchley. 

These roaches were dug out of rotten logs in the latter part of July. 


SALTATORIA. 

Key to Families. 

I. Antennae shorter than the body. Tarsi three-jointed. Ovipositor 
two pairs of short, curved, hard, diverging plates. 

Acrididac, 

II. Antennae longer than the body. Tarsi three or four-jointed. 

1. Tarsi four-jointed. Tegmina with sides sloping. Oviposi- 

tor a flat, hard blade. Locmtidae. 

2. Tarsi three-jointed. Tegmina flat* above, sides abruptly 

bent. Ovipositor long and needle-like, tip sometimes en- 
larged. QrylUdae. 


FAMILY ACRIDIIDAE. 

The Aeridiidae are characterised by short antennae, the i)reRenc(* of 
three ocelli, three joints in the tarsus, and auditory organs located on 
the basal segment of the abdomen. There is a great variety in the de- 
velopment of wings and tegmina, which in some- species extend far be- 
yond the end of the abdomen, in some barely reach the tip, in others are 
no longer than the pronotum, and in still others are entirely wanting. 

Key to Sill)’ families of Aeridiidae, 

I. Pronotum extending to, or nearly to end of abdomen. 

TvMigidae, 

II. Pronotum never covering first segment of abdomen. 

1. A spine on prosternura between front legs. 

Acridiinae, 

2. No spine on prosternum. 

a. Face very oblique, fastigium horizonal, median carina 
of pronotum low, with never more than one sulcus. 

Tryxalinae, - 

7>. Face nearly vertical, fastigium sloping downwards, 

Oedipodinae. 


SUB-FAMILY TETTIGIDAE. 

The Tettigidae or grouse locusts, ovtv smallest Acrididae , vary in 
length from six to fifteen millimeters. They are easily distinguished 
from others in this family by the very long pronotum, which nearly or 
completely covers the abdomen, sometimes extending twice the length 
of the abdomen. It is the only sub-family the individuals of which live 
through the winter. The eggs are laid in the ground or among lichens 
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from April to early July, depending on the species and the climate, 
hatching in about three weeks. The color and markings of individuals 
are of little use in distinguishing species because there is so much varia- 
tion within the species. 

Br. J. E. Hancock describes twent^’^-one genera, only five of which are 
found in north-eastern United States. Of these, three were found at 
Douglas I-<ake. 


Key to Oenera and Species of Tettigidae, 


I. 


11 . 


Anterior femora carinate above. Antennae 12-14 joints. 

1. ^ Dorsal front margin of pronotum truncate, not produced 

upon head beyond posterior margin of eyes. 

Genus, Tettix, 

а. Eyes small, vertex about the width of one eye. 

2, ornatus, 

б. Vertex about twice the width of one eye. 

3, acadicns. 

2. Dorsal front margin of pronotum angulate, produced in front 

of posterior margin of eyes. 

Genus, Komoteitix. 

a. Shallow fossa on each side of median carina of ver- 
tex. 'Face strongly retreating, body not over 7 
mm. in length. 

4. parvus. 

h. Deep fossa on each side of anterior part of median 
carina of' vertex. 

(a) Median carina of pronotum strongly com- 
pressed, translucent, punctate. 

5, compressus. 

(h) Median carina of pronotum low, only 
slightly arched. 


6, cristatus. 

{c) Pronotum strongly arched and strongly ad- 
vanced upon head. 


7, arcuatus. 


Anterior femora silicate above. Antennae 16-22 joints. 

1. Lateral carinae present in front of shoulders. Distribution 
United States. 


Genus, Teitigidca, 

a. Antero-dorsal margin of pronotum obtuse, vertex de- 
cidedly wider than one of the eyes, wings and 
pronotum extending beyond posterior femora. 

8, parvipennis pcnnnUi. 


Genus Tettix Oharpentier. 

Dr. Hancock, who describes twelve species and as many more vari- 
eties, says: ‘The tendency to vary is inherent in all the forms, the line 
of demarkation not easily drawn between species. * ♦ * The descrip- 
tions of the species give a composite conception to the mind, the varia- 
tions being of such wide range as to baffle separate description of each 
individual phase.^^ 
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2. Tettix ornatiis (Harris). — ^Vertex about the width of one eye; 
anterior margin obtuse; median carina projecting like a tiny tooth, ex- 
tending beyond the eye about two-thirds the length of the eye; median 
carina only half the length of the vertex. Pronotum anteriorly trun 
cate or slightly convex; narrow at anterior carinae, between two and 
three times as wide at shoulders; median carina strongly compressed, 
nearly straight. Anlerior lateral sinus (near base of second femur) 
deep, scarcely separated from posterior sinus by a very shallow median 
lobe. 

Measurements: — length of body, 8 mm.; pronotum, 7 mm.; hind fe- 
mora, 6 mm. 

Tettix ornatus is the most common of the Tettigidae, and shows great 
variation in markings. The pronotum is commonly either fuscous with' 
velvety black spots, or gray with white spots and dark lines. 

8. Tettix acadicuH (Scudder). — ^Vertex about twice the width of one 
eye; anterior margin truncate, extending only slightly beyond eyes; 
median carina projecting, indistinct posteriorly; profile of face showing 
indentation just below lower border of eyes. Pronotum truncate an- 
teriorly, acute posteriorly; shoulders three times the width of the space 
between the anterior carinae. Median carina of pronotum low, slightly 
arched, highest just in front of shoulders. Lateral lobe truncate posteri- 
orly, median lobe vei\v small. 

Measurements: — length of body, 6.5 mm.; pronotum, 5.7 mm.; hind fe- 
mora, 4.5 mm. 


Ocnus N omotettur Morse. 

This genus seems to be well represented at Douglas Lake; of Han- 
cock's eighi species, four are found. Besides the characteristic given 
in the key, it differs from Tettix in having, commonly, a pair of rounded 
protubei*an< es between the e\es and the median pari of the ])ronotum. 

4. y,<}moteti\x parvus Morse. — Vertex one and one-half times the 
width of an eye; anterior margin obtuse-angled (about 150") ; extending 
in front of the eyes one-half the length of an eye; median carina on an- 
terior third of vertex, followed by a shallow groove, which widens j)OS- 
teriorly. Ih'ofile shows two indentations, a -very shallow one above the 
ocellus, and a deeper and longer one half way from the vertex to the 
clypeus. Pronotum reaches to knees; anterior margin romidly obtuse, 
posterior margin acuminate; anterior (*arinae start at about the middle 
of the eye and somewhat approach each other; shoulders widen posteri- 
orly. Median carina slightly arched before shoulders. Posterior lateral 
sinus deep, acute angled; anterior sinus j^hal low. 

Color: — vertex, dark fus(*ous punctuate and bordered with yellow. 
Eyes black streaked with chestnut. Pronotum and legs tawny marked 
with black; finely punctate. 

Mecasurements : — length of body, 0.5 mm.; i>ronotum, G.75 mm.; hind 
femora, 5 mm. 

5. Nofnotettix compressus Moi^e. — Body slender, compressed. A'^er- 
tex twice the width of an eye, flaring toward front; anterior margin ob- 
tuse-angled (about 120"') ; vertex twice as long as wide; median carina 
two-thirds its length. Profile shows sharp and deep indentation iibove 
ocellus, making the vertex appear, from the side, very acute. Pronotum 
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truncate anteriorly, acute posteriorly. Median carina strongly keeled, 
with fine indentations, sometimes puncturing it near the edge; puncta- 
tions usually arranged in one or two rows. Pronotum does not reach 
to knees. Wings abbreviate. 

Color: — Vertex dark reddish brown, marked with black. Pace black or 
fuscous. Dorsal part of pronotum yellowish brown, lateral part darker. 
T^gs yellowish brown, with bands of darker red-brown on both femora 
and tibiae. 

Measurements: — length of body, 0.5 mm.; pronotum, 5.5 mm.; hind 
femora, 4 mm. 

There is also a form with pronotum and wings extending beyond the 
hind femora, but it was not found at Douglas Lake. 

(). Nomoteftix cristatus Morse. — ^\^ertex not over one and one-half 
times the width of one eye, sides ])arallel, front margin rounded, with 
median carina projecting. Profile rounded. Pronolum advanced to 
front third of eye; anterior margin right-angled; anterior carinae paral- 
lel; median carina low, slightly arched in front of shoulders. Anterior 
lateral lobe acute, ])osterior very small, rounded; anterior lateral sinus 
deep, acute, posterior sinus shallow. Pronotum reaches to knees. 

Color: — Fuscous, with a black spot on each shoulder, and blackish 
rings on legs. 

Measurements: — Length of body, 7.25 mm.; ]>ronotum, fi.75 mm.; hind 
femora, 4.5 mm. 

7. ^ omofctfur arcuafus Hancock. — This species has the stoutest 
body of all the Tettigidae found. Vertex narrow; front margin trun- 
(*ate; median carina projecting like a tooth, fossa on euch side; eyes not 
in*ojecting as much as in other species. Profile with one shallow in- 
dentation below lower border of eyes. Pronotum acute or right-angled 
anteriorly, extending nearly to front margin of eye; between the an- 
terior carinae the ])ronotmn is twice the width of the vertex; median 
carina strongly arched; does not extend to tij) of abdomen; lateral sinus 
very shallow. Wings sometimes longer than pronotum, sometimes abbre- 
viate. 

Color .-—-Dark reddish brown. There were no markings on my s]»eci- 
men. 

Measurements: — I^ength of body, 7.5 mm.; ju*onotuin, 5.5 mm.; hind 
femora, 4 mm. 

(iriViHs T(i tiff if Ira Scudder. 

The members of this genus have stouter, more clumsy bi)dies, and 
larger heads, with less oblique faces than others of the Tettigidae. The 
dorsal surface of the i>ronotum is usually finely granulate or rugose; 
its sides slope downward between the shoulders. The males are more 
slender than the females, and there is mu(*h variation in the length of 
the wings. 

8. Trttigidra parriprnnis pennata (Harris). — Vertex wideC than one 
of the eyes, truncate anteriorly, with median carina ])rojecting. Profile 
nearly vertical, gently rounded. l*ronotum obtuse on anterior margin ; 
lateral and anterior carinae united; surface rugose. Median carina 
compi'essed, arched at shoulders and at anus; lateral lobe nearly right- 
angled; lateral sinus deep. 
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Oblor: — ^Fuscous, excepting for a tawny streak on dorsal surface of 
pronotum on each side of the median carina; legs with brown rings. 

Measurements: — I^ength of body, 10 mm.; pronotum, 8.75 mm.; hind 
fehiora, 4 mm. 

Tettigidea parvApennis is a species similar to this, but with wings and 
pronohim shorter than the hind femora. 


SUB-FAMILY ACBIDIINAK. 

This sub family called Acridiinae by Blatchley, 1902, corresponds to 
Scudder^s Melanopli, 1898. I prefer Blatchley^s name, not only because 
it is later, but also because there is a large genus Melanoplus in this 
subfamily. It seems confusing to have two applications of the same 
term. 

As the key indicates, the easiest way to distinguish the Acridinae is 
by the presence of a bluntly conical spine on the prosternum. The pro- 
notura is nearly smooth, the median carina low, not deeply cut by the 
transverse sulci, lateral carinae rounded or wanting, and the head is 
not so large that the pronotum needs to flare to receive it. The wings 
are never brightly colored or marked. 

Professor Sciidder describes 30 genera, one of which contains 136 
species. Blatchley reported six genera and 26 species from Indiana. 
The two genera and six species found at Douglas Lake may be distin- 
guished by the following: 


Key to Genera and Species of Acridiinae, 


I. 

II. 


Tegmina and wings wanting. 

9y Podisma variegatus, 

Tegmina and wings present. 

Genus Melanoplus, 

1. Cerci of male no wider beyond the middle than at the middle. 

a. Apex of sub-genital plate of male with median notch. 

Hind femora with dark cross-bars on outer surface. 

10, atlanis, 

b. No apical notch on subgenital plate of male. Hind 

femora without dark crossbars on outer surface. 

11 femur-rubruni, 

2. Cerci of male broader at some point beyond middle than at 

middle. 

a, Male less than 20 mm. in length. Cerci with forks 
of equal size. 


12, luridus. 

b. Male more than 20 mm. in length. Cerci spatulate, 
not forked. 


(a) Pronotum with dark stripes. Hind tibiae 

yellow. 

13, differentialis. 

(b) Pronotum with light lateral stripes. Hind 

tibiae red or purple. 


14, bwitattus. 
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Gemis Podisma Lutreille. 

Scudder says: ^This genus is more widely extended than any other of 
the Melanopli [Acridiinae], being the only one not eonftned to America. 
It is a distinctly boreal type and encircles the globe. The species are 
confined to high altitudes as well as high latitudes, a number being 
alpine or sub-alpine in their respective localities.’’ They are found in 
Siberia and Japan, as well as in the mountains of southern and eastern 
Europe. 

In Podisma, the tegmina are never well developed, and are often en- 
tirely wanting. The pronotum has not very distinct sulci or carinae; 
it is either the same width throughout or larger posteriorly, never con- 
stricted in the middle. 

9. Podisma variegata Scudder. — The vertex sloping downward, nar- 
rower than the eye; median carina not distinct. Frontal costa narrower 
than space between eyes, sulcate; foveolae not distinctly marked off, 
trai>ezoid. Antennae filiform, as long as or longer than hind femora. 
Pronotum sub-cylindrical, flaring gradually towards back; both anterior 
and posterior margins truncate; median carina low but distinct; lateral 
carinae wanting; prozona nearly twice the length of the metazona. Teg- 
mina and wings wanting. Hind femora slender, reaching to tip of ab- 
domen, but not to tip of ovipositor in the female. Sub-genital plate in 
male with a distinct sub-apical tubercle; furcula no longer than wide; 
cerci projecting doi*sally, considerably above the supFa-anal plate; nar- 
rowing sharply to middle, then slightly enlarging, the tip about half the 
width of the base, somewhat flattened. 

Color: — General color olive green; face puncate with yellow; disk of 
pronotum green; a chocolate streak from the eye along the head, pro- 
notuin, meso- and meta-notum, below this, bright pinkish yellow. In the 
male there is a distinct red-yellow streak along the mid-doi*sal line of 
the thorax and abdomen. The abdomen is green tinged with dark red, 
somewdiat yellowdsh underneath. The hind femora are green, w ith three 
yellowish cross bars ; the knees fuscous ; the tibiae green, becoming red- 
dish at the apical end. 

Measurements: — Ix»ngth of body, male, 19 mm., female, 22 mm.; pro- 
notuin, male, 3.5 mm,; hind femora, male, 10 mm., female, 12 mm.; an- 
tennae, 12 mm. 

Gams 3Ielanoplus Stal, 

To this genus belong 136 or more species, a greater number than is 
in any other genus of Saltatoria. They are also the most commonly 
found group in the northern United States. The infamous Rocky Moun- 
tain Locust is in this genus. 

‘^Body moderately stout; generally feebly compressed. Head not 
prominent, but little if any longer than prozona. Face almost vertical. 
Disk of pronotum usually only half as long again as the average 
breadth; the prozona distinctly longer than the metazona, its edges 
parallel, its surface a little convex and faintly punctate; metazona with 
its edges more or less diverging backward, iis surface flat and densely 
punctate; lateral lobes of pronotum vertical or nearly so, and usually 
marked on their upper half with a black band. * * * (^rci of male 
exceedingly variable in form. * * * Furcula usually developed and 
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to a vannble extent and also variable in form; so that they and the 
cerci furnish characters much used in separating the species from one 
another. * ♦ * The tyro will probably have much difficulty in sepa- 
rating the females of Ihe different species.’’ — Blatchley. 

10. Melanophis atlanis (Riley). — ^Vertex about the width of the 
basal joint of antennae; sulcate; continuous with frontal costa, which is 
sulcate at the ocellus only, and widens ventrally; foveolae triangular. 
Antennae compressed in the basal third, longer than head and prono- 
tum. Margin of x>rqnotum rounded or truncate anteriorly, obtuse-angled 
or rounded posteriorly ; median carina much more distinct on metazona 
than on prozona; lateral carinae distinct; prozona about the same length 
as the metazona. Tegmina narrow, longer than the abdomen. Hind 
femora stout, slightly shorter than the abdomen. Sub-genital plate of 
male with a median apical notch. Length of furcula about three times 
their average width. Cerci narrowing slightly from base to extremity, 
sub-spatulate. 

Ceneral color, dull brown. Face yellowish; occiput nearly black; i)ro- 
notum fuscous, with a black stripe on the lateral lobe back from the eye. 
Tegmina transparent, with fuscous veins, and small fuscous sj)ots, usu- 
ally arranged in a row from the shoulder 1o the tip. The ventral side 
of the abdomen of the male yellow, of the female, yellow sprinkled with 
fine fuscous dots. Hind femora yellow on inner face; outer face yellow 
with three faint fus(*ous bars; knees black; tibiae red, at least on apical 
third, spines black. 

Measurements: — Ticngth of body, male, 20 mm., female, 23 mm.; leg- 
mina, male and female, 20 mm.; hind femora, male, 12 mm., female, J3.5 
mm. 

11. Melanophis fcniur-ruhnim (I)e (Jeer). — Occiput indistinctly cari- 
nate; vertex deeply sulcate, distinctly separated from the frontal costa, 
which has parallel sides and is sulcate only below the ocellus. Fov(‘olae 
lacking. Antennae llattened in the basal third. Prouolum truncate 
anteriorl.N, rounded or obtuse posteriorly, carinate throughout, but 
more distinctly on the metazona; only the last of the three sul(*i cuts the 
median cariiia, making the prozona and metazona the same length; 
lateral (‘aririae straight, distinct; lateral lobes of prozona smooth, of 
metazona, finely and densely xmiictate. Tegmina of the female reach to 
or slightly beyond the tip of the abdomen; in the male they extend one- 
fourth of their length beyond the abdomen. The hind femora do not 
cpiite reach the tip of the tegmina in either sex. Furcula of male three 
times as long as wide at. the base, curved from the base outward, and 
then inward, and placed in grooves of the supra-genital plate. (Jerci 
only half as wide at the middle as at the base, tapering to the end, 
curved inward. Sub-genital plate pilose. 

General color, olive brown ; face yellowish or greenish, occiput oliveo- 
fuscoiis; disk of pronotum red-brown, lateral lobes the color of the face, 
with a black stripe from the eye across the prozona. Tegmina wood 
brown with very small fuscous dots. Hind femora yellowish brown, 
shading, on the lower border, to reddish; four black cross-bars on the 
upper inner surface; the outer surface immaculate; tibiae red, spines 
black. 

Measurements: — Length of body, male, 18 mm., female, 25 mm.; teg-^ 
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mina, male, 16 mm., female, 19 mm.; hind femora, male, 11 mm., female^ 
14 mm. 

12. Melanoplus Inridus (Dodge). — Occiput, especially of male, 
swollen, so as to project above pronotum; space between eyes little if 
any wider than basal joint of antenna; vertex broadly and shallowly 
silicate; frontal costa shallowly silicate in male, plane in female; foveo- 
lae small, triangular. Pronotum anteriorly truncate, posteriorly obtuse- 
angulate; median and lateral carinae more distinct on metazona than 
on prozona; the prozona longer than metazona; surface pilose. Teg- 
mina narrow, tapering, just short of tiy) of abdomen in female, reaching 
just beyond in male. In both sexes, the hind femora reach to the tip of 
ihe tegniiiia. Male furcula abbreviate, mere notches. Male cerci taper 
to the middle, then broaden; distinctly forked at tip, the lower prong 
being more slender than the upper one. 

Color: — General color, wood brown; face bluish brown; occiput 
bluish black, bordered on each side by a yellowish line; disk of prono- 
tum light brown on the sides, dark in the center; lateral lobes of pro- 
notum with a black band across the top, light yellowish brown below. 
Tegmina dark brown, with or without small fuscous dots. Hind femora 
red-brown; three faint fuscous bars on upper surface; under surface 
yellow; knees black; tibiae "bright red with black spines. 

Measurements: — Length of body, male, 19 mm., female, 21 mm.; teg- 
mina, male, Kl.r) mm., female, 14.5 mm.; hind femora, male, 10.3 mm., 
female, 13 mm. 

13. j\fvlan(^plu}i dijfvrcHtialis (Uhler). — ^No adults of this s^tecies 
were found. The larvae were found throughout the season; those caught 
cm Atigust 20, apparently in their last moult, were kindly identified for 
me by l^rof(*ssor Osborn. These are dc^scribed instcMul of the adults. 

Occiput somewhat swollen ; vcudex broad, slightly sulcate, continuous 
with the long and shallowly sulcate frontal costa; fcn’eolae small, fiat, 
ecpiilateral trianglc^s; antennae flattem^d in basiil third. Pronotum 
truncate anteriorly, broadly obtuse posteriorly; disk somewhat slo])ing, 
latc*ral cmriiiae not jmescmt; }H»slerior border of lalcu*al lobes oblicpie. 
Abdomen strongly compressed. Hind femora stout. 

Color: — General color, bright green. Face green, dotted with brown, 
es])ecially along Ihe sides of the frontal costa; antennae green at base, 
becoming fuscous at tip. Pronotum with a brown stri})e in the position 
for the lateral carinae. Abdomen with a red or brown band on the 
mid-dorsal surface. Hind femora green, with a longitudinal brown 
stripe on the outer surface; knees dusky; tibiae green with bla<*k spines. 

14. Melunoplm hiritattns (Say). — There are great ditferences in 
every I’espect but color, between the male and female of this specnes. 
The width of the vertex and frontal costa of the female is more, of the 
male, less than twice the width of the basal joint of the antenna; 
vertex carinate in the male; frontal costa not distinctly sulcate. Fovc^o- 
lae indistinct, triangular. Pi’onotum truncate anteriorly, rounded 
posteriorly; median and lateral carinae distinct. Prozona longer than 
the punctate metazona. Tegmina of the female do not reach the tip of 
the abdomen, in the male they project one-fourth their length. Hind 
femora of the female reach the tip of the tegmina, in the male, they are 
shorter; stout in both sexes. .Male furcula wanting; cerci narrow 
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slightly from the base to the middle, then widen slightly; truncate at 
the end. ' 

iJolor: — There ere groups of M. I)ivitattu8^ those whose light parts 

are of a bluish cast, and those of an olive or yellow cast. Occiput fus- 
cous, becoming lighter on the vertex and still lighter on the lower part 
of the face. D’sk of pronotum fuscous, black line from eye along lateral 
lobe of prozona, the rest of the lateral Jobe like the face. Light bluish 
or greenish yellow stripe from the upper angle of the eye, backwards, 
across the head, along the lateral carina of the pronotum, and humeral 
angle of the tegmina. General color of the tegmina -oliveo or reddish- 
fuscous. Inner surface of hind femora yellow, four black bars near 
upper carina; outer surface fuscous above, light yellow below. Tibiae 
red. 

Measurements: — ^Length of body, male, 26 mm., female, 39 mm.; an- 
tennae, male, 15 mm., female, 12 mm.; pronotum, male, 6 mm., female, 
7.5 mm.; tegmina, male and female, 23 mm.; hind femora, male, 14 
mm., female, 17 mm. 


SUB-FAMILY TRYXALINAE. 

The members of this group are characterized by a straight, horizontal 
or ascending vertex, a face which is ver^" oblique, and often meets the 
vertex at an acute angle; the antennae are very variable, sometimes 
conical; the length of the tegmina often varies within the siiecies. The 
disk of the pronotum is flat, with a low median carina, cut by but one 
sulcus. The wings and tegmina are transparent or dull colored. 

But one genus and one species was found at Douglas Lake. 

Genus Stemhothrus Fischer. 

“Vertex triangular, obtuse in female, acute in male ; the foveolae visi- 
ble from above as narrow, oblong, or linear impressions; the median 
carina absent, or at most a colored line. Antennae filiform; much 
longer than head and pronotum in male. Pronotum with the median 
carina distinct, cut a little behind the middle by the principal sulcus; 
the lateral carinae sinuate or curved, so that the middle of disk is nar- 
nower than the fore and hind margins. Lateral lobes of pronotum about 
as long as deep, the front margin straight, the hind and lower margins 
sinuate. * ♦ * Hind femora rather slender; not transversely barred. 
Valves of ovipositor short, but plainly exserted.’^ — Blatchley. 

15. ^tenohothrus curtipemiis (Harris). — Vertex narrow, rounded 
where it meets the face. Frontal costa narrow, oblique, sulcate at and 
below the ocellus. Antennae flattened throughout. Pronotum truncate 
or subtruncate both anteriorly and posteriorly. Median Carina low but 
distinct, not crested, cut by the principal sulcus, which also cuts the 
lateral carinae. Length of tegmina varies from tw^o-thirds to five fourths 
the length of the abdomen. Body slender. Male cerci straight, slender 
processes. 

Color: — ^Face light brown, sometimer. with the frontal costa dark. 
There is a light browna 8trii>e along the median line of the vertex and 
pronotum, sometimes extending along the dorsal region of the tegmina. 
On the head and pronotum this stripe is bordered by a fuscous line, be- 
low which is another light, then another dark band. Tegmina light 
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brown, immaculate. Hind femora light brown, with a longitudinal fus- 
cous band; knees black, tibiae brown. While the above markings are 
constant, green may be substituted for brown. # 

Measurements: — r.ength of body, male, 15 mm„ female a 20 mm., 
female 6, 21 mm.; tegmina, male, 11.5 mm., female a, 16 mm., female 5^ 
il mm.; hind femora, male, 11 mm., females, 13 mm.; antennae, male, 
9 mm. 


SUB FAMILY OEDIPODINAE. 

This sub-family is characterized by a rounded vertex, nearly vertical 
face, and the lack of a spine on the prostemum. The hind margin of 
the pronotum is wider than the front. They frequently fly twenty-five 
feet, or farther, and, since the inner wings are usually brightly colored, 
a careless observer may at first mistake Ihem for butterflies. 

The following table was intended to enable one to distinguish easily 
the Douglas Lake species, not to give true generic characteristics. 

Key to Genera and Species of Oedipodinae. 

1. Inner wrings transparent at base; no distinct black border. 

16, Camnula pellucida. 

II. Inner wings colored at base. 

1. Median carina cut by two sulci. 

17, Gircotettix verniculatus. 

2. Median carina cut by one sulcus. 

a. Base of wings yellow% 

(a) lAuigth of body less than 20 mm.; prozona one- 
half metazona. 

18, Scirtettica inarmoratus, 
(5) Length of body more than 20 mm.; prozona 

more than one-half metazona. 

19, Spharagemon hollL 

5. Base of wings red. 

20, ArpMa psendomctana. 

c. Base of wings black. 

21, Dissostcira Carolina. 


Genus Camnula Stal. 

^‘Body short, the size below^ the average for Oedipodinae. the head 
compressed. Vertex with its disk ovate-oblong in male, broader in 
female, its front half sloping downward, the ajiex rounded, the lateral 
cariuae distinct, the median carina very faint in the female, absent in 
the male; foveolae indistinct, narrowly triangular. ♦ * ♦ Antennae 
short, filiform. Pronotum with its disk flat, not rugose, ♦ * the 
lateral carinae distinct on both prozona and metazona. * * ♦ Teg- 

mina naiTow, surpassing the abdomen; the apical third remotely reticu- 
late, the cells quadrate. Inner wings pellucid with dusky venules.’^ — 
Blatchley. 

16. Camnula pellucida (Scudder). — ^Vertex tapering, carinate; 
frontal costa, at the top, about the width of the basal joint of Ihe an- 
tennae, wider near the ocellus, shallowly sulcate, deepest at ocellus. 
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Pronotum truncate anteriorly, obtuse to right angled powteriorly; me- 
dian Carina low, cristate, not arched, faintly cut by principal sulcus; 
meta^jona one and one-half times the length of prozona, densely punctate. 
Male fiireula wanting; cerci curved, tapering horns; abdomen strongly 
recurved. Ovipositor usually strongly exserted. 

This species was the most numerous and most widely distributed of 
all found. Hence, since the colors harmonize with the surroundings, a 
great variety of ground colors — ^yellow, green, bro\^Ti, dark gray — ^was 
found, always, however, with the following fuscous markings: — ^a v on 
the occiput; a line from the hind border of the eye, across the lateral 
lobe of the prozona; three diagonal crossbars on the outer face of the 
hind femora; knees; large splotches on the tegmina; a more or less dis- 
tinct ring on the second quarter of the hind tibiae. The veins of the 
basal part of tlie wing are also fuscous. 

Measurements : — Ivength of body, male, 16-21 mm., female, 21-23 mm.; 
tegmina, male, 15-lH mm., female, 20 mm.; hind femora, male, 11-13 mm., 
female, 13 mm. 

Genus Cirrotcttix, 

‘‘Body pubescent, ])iinctate. Vertex nearly flat, ovate, slightly cari- 
nate, apex notched; frontal costa rather wide, sulcate, punctate at and 
above the ocellus. Pronotum strongly constricted near the principal 
sulcus; metazona almost twice the length of the prozona, flat, hind mar- 
gin right or acute angled; lateral carinae acute anteriorly, obsolete pos- 
teriorly. The prozona has a small oblique ridge on each side, near the 
front margin. Median carina, in the prozona, narrow, low crested or 
tectifoiTTi, somewhat deeply cut, usually twice; in the metazona, cristate 
anteriorly, sub-obsolete ])osteriorly. Apical third of tegmina irregularly 
reliculate. Wings widely reticulate, for the most part, bi*oad, the 
posterior margin strongly arcuate, tlie outer margin not strongly but 
regularly lobate; — or, j)osterior less anaiate, outer margin slightly 
doubly lobulate. Hind femora (*ouipressed, rather short and broad,’' — 
8aussure, translated by the writer. 

37. Circotietti.r vrrnicnlatns Kirby. — ^\^eriex a long oval, making, as 
seen from tluv side, almost a right angle with the face; foveolae triangu- 
lar; antennae short, flattened. Pronotum with tAvo distinct sulci cutting 
the median carina in front r»f the middle, the first notch broad, the 
second narrow and oblique; front margin truncate, hind margin acute. 
Tegmina narrow, extending about one-third their length beyond the 
abdomen. Hind femora barely reach the ti|> of the abdomen. 

Color: — Cray, with many fuseous splotches. Face mainly gray. Pro- 
nohmi bla(*k. Tegmina dark fuscous at base, lighter in the apical half, 
uith small fuscous dc)ts. Wings sulphureous at the base; a fuscous 
band begins near the anal angle and curves across to the middle of the 
outer margin, just Avithin AAhicb a narroAv dark ray goes toAvards the 
base of the wing; apex fuscous; betAA^een the apex and the dark band is 
a transparent area, aa ith dark A’eins. Hind femora dark on the outer 
surface, with three gray or yelloAvish crossbars; tibiae have two light 
and tAvo dark bands; tarsi light. 

Measurements: — Length of body, 23 mm.; tegmina, 26 mm.; hind 
femora, 12 mm. 
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Oemis Scivtettica Raussure. 

^^Scutellum of Ihe vertex longer than broad, the bounding walls mod- 
erate, median carina absent or lightly developed; frontal oosta sulcate, 
broadening and shallow below. Pronotum constricted anteriorly, the 
median carina distinct but low, distinctly cut by the principal trans- 
verse sulcus and often with a second inoi’e or less indistinct incision. 
Elytra slender, except in oecidentalis, the intercalary vein nearer the 
median than the ulnar vein, apically nearly or quite touching the 
former; wings with a distinct black band immediately beyond the 
middle, subobsolete in orrideutalifi, the baigie yellowish or orange. Hind 
femora moderately heavy, marked on both faces and above with black 
bars; hind tibiae reddish or yellowish.” — Mr. A N. Caudell. 

18. I^cirtettica marmoratm Hai*r. — -Vertex deeply sulcate. no me- 
dian carina; foveolae small, deep, equilateral triangles; frontal costa 
about the width of the basal joint of antenna, deeply sulcate. Anterior 
border of pronotum obtuse or sub-truncate, posterior border right- 
angled; median carina higher on prozona than on metazona, deeply cut 
by principal sul<*us, lyerij sliijhthj notched by secondary sulcus; lateral 
carinae distinct on metazona only. Tegmina one and one-half times 
length of abdomen. Hind femora reach tiy) of abdomen. 

(\)lor: — Head, dark reddish brown to fuscous; disk of pronotum has 
x-shaped mark of gray or brown on a fus(*()us ground, sides gray or 
brown with fuscous blotches. Tegmina gray, irregularly spotted with 
black, — black at tips. 'Wings pale yellow at base, middle third crossed 
by a broad fusc‘ous band which begins at the anal angle; beyond this is 
a transparent band in which the veins are fuscous; tip fuscous; hind 
femora gray with three fuscous bands; inner surface yellowish, three 
black bands; tibiae successively fuscous, white, fuscous, red, black. 
Spiims with black tips. 

Measurements: — Length of body, 18 mm.; tegmina, 19 mm.; hind fe- 
mora, 10 min. 

(lams Scudder. 

“Body slender, more or less compressed. Head rather swollen above, 
* * * the foveolae wide and distinct. Frontal costa narrow, sulcate, 

at least below the ocellus. Antennae in both sexes about as long as 
hind femora; llliform, Ihe joints of the basal third a little flattened. 
Pronotum with the disk of nietazoiia flat, that (»f prozona with the sides 
sloping; the median carina high and strongly compressed, cut a little in 
front of the middle by a deep but narrow not(*h. Inner wings yellow 
with dark curved median band. Hind femora rather short and stout, 
equalling, or a little exceeding, the tiji of the abdomen. Hind tibiae, 
in oun species, with at least the apical half red. Valves of ovipositor 
short; but little exserted. 

^^This genus is clearly related to Dissosteira, and Saussure, in his 
Podromns, has placed it as a sub-genus under that one. Eight sp»'cies 
are known from the United Rlates.” — Blatchley. But one species was 
found at Douglas Lake. 

19. Spharagemon holli Rcudder. — Disk of vertex broad i)osteriorly, 
narrow anteriorly, carinate; frontal costa convex above ocellus, sulcate 
below; foveolae distinct, triangular. Pronotum but slightly enlarged 
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to receive head; hind margin right or obtuse angled; surface of prozona 
slightly, of metazona closely, papillate. Tegmina much longer than ab- 
domen. 

Color: — General color, reddish brown. Face light brown, occiput and 
disk of pronotum fuscous. Tegmina yellowish browh sprinkled with 
fuscous, usually three fuscous crossbars. Wings yellow at base, with 
broad curved band of black from the middle of the outer border to a 
point just sliort of the anal angle; beyond dark band is a dusky trans- 
parent region; apex frequently fuscous. 

Measurements: — Length of body, 21 mm.; tegmina, 24 mm.; hind fe- 
mora, 14 mm. 

Gcnm ArpMa Stal. 

‘*Body compressed, glabrous. Pronotum granulate, median carina 
sometimes sulcate, sometimes entire. Tegmina of one color, very densely 
reticulate, apex quadrate-areolate, sometimes pellucid; the whole with 
minute dark dots, or many larger dark blotches, never with crossbars. 
Wings with a broad dark band on the hind margin, from which a stripe 
runs, on the outer edge, towards the base. Median vein frequently 
united with the discoidal. Hind femora stout, margins carinate, inner 
surface black with two yellow stripes. Hind tibiae blue, yellow at base 
(in dried specimens fuscous in the basal half, or if faded, with fuscous 
rings). Arolia between the claws of the tarsus minute or lobiform. . 

^^The species usually have a granulate pronotum and variously colored 
wings. 

‘‘The species which form a part of this genus are very similar to one 
another, and as they vary much, sometimes in the form of the frontal 
costa, sometimes in the color of the wings which pass readily from 
red to yellow orange, they are very difficult to distinguish, and still 
more, to describe.^’ — Saussure. 

20. ArpMa pseuclonwtana Thomas. — ^Vertex with marked median and 
lateral carinae, distinctly separated from the frontal costa, which is 
flat, slightly sulcate at ocellus. Foveolae large, oblong, Pronotum 
slighlly angulate on front margin, acute posteriorly; median carina cut 
once, in front of middle; lateral carinae more distinct on metazona than 
on prozona. Tegmina surpass abdomen in both sexes. 

Color: — General color almost black. Pace grayish. Tegmina with 
fuscous bars across the black and usually a red or tawny stripe along 
the median border. Wings red or orange at base. Hind femora black, 
with yellowish white ring near knee. The hind tibiae black, white ring 
in upper fourth. 

Measurements: — l^ength of body, male, 22 mm., female, 26 mm.; teg- 
mina, male, 22 mm., female, 21 nun.; hind femora, 14 mm. 

' Oemis Dissosteira Bcudder. 

“Vertex with the disk sub-pentagonal or ovate; the front half a little 
downward sloping, its front margin angulate; the lateral carinae low; 
the median carina present but indistinct; the foveolae short, triangular. 
Frontal costa sulcate, a little narrowed below the ocellus. Pronotum 
with disk of prozona sloping, that of metazona flat; front margin trun- 
cate, hind margin obtuse or right angled; the median carina high and 
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sharp,* and on the metazona strongly arched, cut in front of the middle 
by a deep but narrow notch; lateral carinae rounded, cut by the prin- 
cipal sulcus and obsolete in front of it.' Lateral lobes of pronotum 
deeper than long, the front margin vertical, the hind margin oblique. 
Tegmina broad, much exceeding the abdomen ; the whole of apical third 
membranaceous. Inner wings, long and wide, black, with a narrow yel- 
low outer border; the apex fuscous.’^ — Blatchley. 

21. Dissosteira Carolina (Ldnnaeus). — The shape is described in the 
account of the genus. 

Color: — There is a wide variation in color, from light gray through 
browns and reds to fuscous; also the body and tegmina may be almost 
entirely without dots or marks of any kind, or may be thickly covered 
with dark dots or spots. The inner surface of the hind femora always 
has three black bars, separated by yellowish white; the apical third of 
the tegmina is translucent; the inner wings are black, with a narrow^ 
yelloAv border, which is darkened at the apex by small fuscous spots. 

Measurements: — Ix^ngth of bodj^, male, 26 rnrn., female, 38 mm.; teg- 
mina, male, 31 mm., female, 40 mm.; pronotum, male, C mm., female, 9 
mm.; hind femora, male, 13 ram., female, 17 mm. 

Nymphs wx're found all through July. 

FAMILY LOCUSTIDAE. 

*‘This family comprises those insects commonly called katydids, green 
or long-horned grasshoppers, and stone or camel crickets. 

‘The distinguishing characteristics of the members of the family are 
the long, slender, tapering, mauy-jointed antennae; the almost universal 
absence of ocelli or simple eyes; the four-jointed tarsi (excepting in the 
genus Daihinia) ; and the sword shaped or falcate ovipositor of the fe- 
males, which is made of four flattened plates. The head in many of the 
species is wedge-shai)ed, and the mouth-parts are well developed, the 
mandibles especially being long and sharp-pointed. * * * The teg- 

mina. or wing covers, wiien present, slope obliquely downwards, instead 
of being bent abruptly, as in the Gryllidae, or true crickets; and in most 
cases, the wu'ngs are longer than the tegmina. 

“The stridulating or musical organ of the males is quite similar in 
structure to that of the male cricket, being found at the base of the 
overlapping dorsal area of the tegmina and usually consisting of a trans- 
parent membrane, of a more or less rounded form, which is crossed by a 
prominent curved vein, which, on the under side, bears a single row^ of 
minute, flle-like teeth. In stridulating, the wing covers are moved apart 
and then shuffled together again, w^hen these teeth are rubbed over a 
vein on the upper surface of the other wing cover, producing the fa- 
miliar sound. * * * The ear of these insects, when present, is also 
similar in structure and position to that of the cricket’s, being an oblong 
or oval cavity covered with a transparent or whitish membrane, and 
situated on the front leg, near the basal end of the tibiae.” — Blatchley. 

21 



162 


THIRTEENTH REPORT. 


Key to Genera and Species of Locustidae. 


I. 


11 . 


Tef?in1na and wings absent; pronotmn not covering the rest of the 
thorax, ovipositor nearly straight, eyes nearly round. 

Genus CeuthopMlus, 

1. Hind femora of male 10 — 13 very small, unequal spines, 
on outer lower earina. 


22, macutatus, 

2. Hind femora of male having, on outer lower earina, 812 very 
unequal spines, some of which are consiucuous hooks. 

23, latcns. 


Tegmina and wings present. 

1. Vertex rounded or deflexed; hind tibiae with apical spine on 
each side; tegmina of nearly equal breadth throughout; 
superanal plate of male with long downward curv- 
ing spine. 

Genus Scudderia. 
a. Notch of supra-anal spine of male acute; hind 
tibiae green. 

24, Pistillata. 

h. Notch of supra anal spine of male round ; hind 
tibiae red. 


25, furcata. 

2. Vertex produced slightly upward to form a tubercle; no api- 
cal spine on hind tibiae; fore and middle femora without 
spines beneath; ovipositor nearly or quite straight. 

Genus XipMdium. 
a. Ovipositor shorter than the slender body; wings 
and tegmina longer than abdomen. 

2G, fasriatum. 


Genus CeutJwphilus Sendder. 

These ^^vood crickets” or ^^camel crickets” are wingless, with the back 
curved, and with the head carried downward between the front legs. 
The vertex curves downward, and there are no grooves or ridges on the 
head, so that, excepting for the bright eyes, the face is quite character- 
less. The antennae are very long, slender, and tapering. The ovipositor 
is nearly straight, with only the tip slightly turned up. 

The members of this genus live in caves, or spend the day under stones 
and rotten logs. Our two species w^ere found under logs. 

22. Ccuthophilus maculatus (Say). — ^The fore femora arc quite un- 
armed; the middle have two very small spines on the lower margin; 
and the hind ones have about twelve very small nearly equal spines on 
the lower outer margin in the male. 

Color: — General color sooty brown. On the thorax there is often a 
yellow median line, and on the abdomen there are numerous small yel- 
low spots, often arranged in transverse rows. Hind femora are- light 
reddish brown or yellow, with very small darker cross bars arranged in 
rows. 

Measurements: — Length of body, 12 mm.; prothorax, 3.75 mm.; front 
femora, 5.5 mm.; hind femora, 12 mm.; antennae, 38 mm. 
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23. CeuthopMlus latem Scudder. — The front femora, in this species, 
have from one to Ihree spines; the middle femora, four or five; and in 
the male the hind ones have, on the outer carina three to five very large 
conspicuous spines interspersed among smaller ones; the inner carina 
of the male and both carinae of the female have 10-15 small, nearly equal 
spines. 

Color: — In general, light yellowish brown; on each side of the back 
is a fuscous band, bordered by yellowish brown ; on the abdomen, and 
sometimes on the meso- and meta-notum this band is dotted with yellow. 
Legs yellow; small dark spots, usually arranged in rows, on the hind 
femora. Knees fuscous. 

Measurements: — Length of body, 20 mm.; pronotum, 5.5 mm.; front 
femora, 8 mm.; hind femoKi, 17 mm.; antennae, 52 mm.; ovipositor, 11 
mm.; cerci, 5 mm. 

Genus Scudderia Stal. 

This is the only one of the four or more genera of katydids, which was 
found at the stal ion. It can be distinguished from the other genera by 
the very narrow, almost acuminale vertex, and by the peculiar spine 
curving downward from the supra-anal plate of the male, to touch a 
similar spine curving upward from the sub-anal plate. The ovipositor 
is a short, broad, upward curving blade, finely toothed near the end. 
The hind femora have a few very small spines on the lower outer carina, 
while the other femora are iinanned. The hind legs are very long and 
slender, reaching nearly tp the tip of Ihe wing-covers. 

24. Scnddcria pistillaia Brunner. — The general color is bright green, 
with round black eyes and fuscous feet. The tegmina are of nearly 
equal width throughout, diagonally truncate at the tip. The character- 
istic mark is the shape of the supra-anal spine in the male, which has an 
acute notch at the tip; on each side of the notch, the lobes taper to a 
rounded point, instead of being truncate, as in another species, not found 
here. 

Measurements: — Length of body, 20 mm.; of tegmina, 34 mm.; of 
hind femora, 21 mm.; of antennae, 32 mm.; greatest width of tegmina, 
9 mm.; of anterior margin of in’onotum, 2.5 mm.; of posterior margin, 
4 mm. 

25. Scuddcria fnrcata Brunner. — The specimens found were green, 
excepting for the red hind tibiae. The supra-anal spine in the male, has 
a round notch at the tip. The pronotum is of nearly equal width 
throughout, the tegmina rather narrow. 

Measurements: — Length of body, 20 mm.; of tegmina, 30 mm.; of hind 
femora, 23 mm.; width of tegmina, 0.5 mm.; of front margin of prono- 
tum, 2.5 mm.; of hind margin, 3.5 niin. 

Genus Xiphidium Serville. 

‘^This genus includes our smallest winged Locustidae. The vertex pro- 
jects forward and slightly upward in the form of a rounded tubercle 
which is hollowed out on the sides for the reception of the basal joint 
of the antennae. * * * Spines of prosternum very short and weak; 
often mere cone-shaped protuberances. Wing covers narrow, straight, 
rounded at the end, often varying much in length for the same species. 
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but for the most part shorter than the abdomen. Wings usually a little 
shorter than the wing covers. Stridulating organ of male well devel- 
oped, the veins prominent, light brown in color, and with the middle 
transparent. Hind femora of medium length, stout at base; mostly un- 
armed beneath. Ovipositor narrow, straight, or but slightly curved, 
oftentimes of excessive length. Anal plates of male not prolonged; the 
cerci usually much swollen, and toothed at base on the inner margin.” 
— Blatchley. 

26. Xiphidium fasciatum (De Geer). — The face is quite straight, 
very oblique, with a scarcely-marked frontal costa; vertex about the 
width of the basal joint of the antennae, which often extend to the tip 
of the out stretched hind leg. Pronotum truncate on front margin, 
rounded posteriorly. Tegmina shorter than wings, but considerably 
longer than the abdomen; stridulating organ conspicuous on male, just 
back of the pronotum. 

Color: — General color green. Tegmina and basal part of ovipositor 
light reddish brown; dark reddish brown stripe extending along dorsal 
surface, from the vertex to the tip of the abdomen; sometimes a dark 
stripe on the hind femora. 

Measurements: — Txjhgth of body, male, 12 mm.; female, 14 mm.; teg- 
mina, male, 13 mm., female, 14 ram.; hind femora, male, 10.5 mm., fe- 
male, 12 mm.; antennae, 30 mm.; ovipositor, 8 mm. 

FAMILY GRYLLIDAK. 

‘^The third family of Oi'thoptera belonging to the sub-order Saltatoria 
comprises the Gryllidae or crickets. From the other Orthopterous in- 
sects they may be distinguished by having tlie wing covers flat above 
and bent abruptly downward at the sides ; the tarsi or feet, three-jointed, 
without pads between the claws; the fore coxae longer than broad. 
Ocelli or simi)le eyes are present in the majority of species, while the 
antennae, like those of the Locustidae, are long, slender, and many 
jointed. The hearing organ, when present, is, as there, situated on the 
base of the fore tibiae. 

“The tympanum, or calling organ of the male, is also, as in the Locus- 
tidae, located near the base of the dorsal surface of the tegmina, but is 
wider and broader than in the preceding family, extending across both 
anal and median areas of the tegmina. ♦ ♦ * 

“The inner wings of the crickets are, for the most part, shorty weak, 
and comparatively useless as flying organs, though sometimes they are 
nearly twice as long as the outer pair. ♦ * ♦ These insects, therefore, 
travel mostly by leaps, and, in the course of time, their hind femora have 
thus become greatly enlarged. 

“The ovipositor of the female is usually a long cylindrical spear- 
shaped organ, consisting apparently of two pieces. Each of these halves, 
however, when closely examined, is seen to be made up of two pieces so 
united as to form a groove on the inner side, so that when the two 
halves are fitted together, a tube is produced, down which the eggs pass 
to the repository in the earth or twig, fitted to receive them. 

“Most species are represented in the winter by the eggs alone. A 
few, however, pass the cold season as nymphs or as adults. The mole 
crickets are said to exist for several years.” — Blatchley. 
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Key to Qenera and Species of Qryllidae, 

I. Second tarsal joint minute; hind tibije slender, armed with spines, 
between which are minute teeth. 

Genus OecantTuis. 

1. Antenme either entirely black, or with two black marks on 

each of the first two joints, those of the basal joint conflu- 
ent at the top, the inner one the longer. 

27, fasemtns, 

2. No black marks excepting on the first two joints of the anten- 

nae, each of which joints has two parallel marks. 

28, quadripunctatua. 

JI. Second tarsal joint minute; tibm stout, armed with stout immov- 
able spines only; fore tibim with hearing organ on both faces. 

Genus Gryllm, 

1. Pronotmn not over 5 mm. wide; tegmina, ovipositor, circi, and 

legs reddish brown. 29, arenaceous. 

2. Pronotnm over G mm. wide; all black, excepting inner side 

of hind femora; ovipositor never ov^er 15 mm. long. 

30, pcnnsylvaniciis. 

Genus Occanthus Serville. 

The tree-crickets are weak looking insects, with small hanging heads, 
w’hich taper to narrow labiae; slender legs; wings and tegmina very pale 
green or hyaline; spindle-shaped abdomens. In the female the tegmina 
are more closely wrai)ped about the body than in the male. They live on 
tall herbaceous plants such as golden-rod, or on bushes, on the "twigs of 
which their eggs are laid. The species are distinguished by the marks 
on the first two joints of the antennae. 

27. Occanthus fasciatus Fitch. — ^\'ertex and occiput arched, vertex 
sloping downward to merge into face. Antennje long, slender, very 
easily broken in the cyanide bottle. Pronotum narrower, anteriorly, 
than the head, wider ])osteriorly, very shallow, so that from the side 
it gives the appearance of a slender neck. Tegmina broad and flat on 
top, overlapping the entire width of their doi*sal surfjice; rounded at the 
aj)ex; wings 1-2 mm. longer than tegmina. Legs very slender. 

Golor: — General color, light green. Black stripe on mid-dorsal line of 
head and pronotum. Ventral side of abdomen black; sometimes other 
black stripes. Antennae are sometimes entirely black, sometimes have 
two distinct black marks on each of the first two joints, those on the 
basal joint being confluent at the top. 

Measurements: — length of body, 12-13 mm.; pronotum, 2 mm.; teg- 
mina, 12 mm.; width of pronotum, front margin, 1.5 mm., hind margin, 
2.3 mm.; of dorsal field of tegmina, male, .5 mm. 

28. Occanthus quadriptmctatns Beutenmiiller. — The shape of this 
species is the same as that of 0. fasciatus. Thei*e are no dark stripes vis- 
ible from above, though the ventral side of the abdomen is sometimes 
dark. Color pale green. Antennae with two separate black marks on 
each of the first two joints, the inner mark much longer than the outer 
one. On the basal joint, the inner mark has a small outward pointing 
hook which does not, however, unite with the outer mark. 

* Measurements: — ^Length of body, 11-12 mm.; pronotum, 2.4 mm.; teg- 
mina, 11 mm. 
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Genus Gryllus Linnaeus. 

^^All members of the genus Gryllus have the head and globos; the 
eyes large and rounded; the antennae thread-like and longer than the 
body; the pronotum broader than long, and about the width of the 
head; the hind femora of medium length but much enlarged and well- 
fitted for leaping; the hind tibiae with two rows of strong fixed spines, 
those nearest the apex being the longer; and the hind tarsus with its 
first joint sulcate above, with a row of minute teeth along each carina. 
The ovipositor is, in all the species, as long as or longer than the hind 
femora, and in the same species varies little in length. Most of our 
species are, however, dimorphic as regards wing length. . . . The 

inner wings vary much more than the outer, and sometimes are wholly 
lacking.’^ — Blatchley. 

29. Gryllus arcmiceous Blatchley.: — Body slender. Head black, about 
the width of pronotum, vertex swollen above pronotum; lower part of 
face reddish brown. Pronotum black; length about .7 of width; mar- 
gins truncate, median impression on anterior half, a series of small 
impressions on each side. Tegmina red-brown, lighter at humeral angle, 
overlapping, wings shorter than tegmina. I^gs reddish brown or black. 
Ovipositor reddish brown. 

Measurements : — ^Length of body, 15 mm. ; pronotum, 3.5 mm. ; tegmina, 
9 mm.; hind femora, 10 mm.; ovipositor, 16.5 mm.; width of pronotum, 
5 mm. 

30. Gryllus pemisylvannicus Burmeister. — Body stout and broad. 
Head a little wider than pronotum, vertex not swollen above pronotum; 
length of pronotum 7-12 its width, margins truncate, median impres- 
sion at both anterior and posterior margins, but not meeting in the 
middle. Tegmina overlapping, reaching to tip of abdomen; wings often 
longer than tegmina, projecting behind like a tail. 

Color: — Black excepting red-brown on the base of the hind femora, 
and golden brown* tinge on the tegmina, which also have a yellowish 
stripe along the humeral angle. When first moulted, the insect is cov- 
ered with a gray pubescence, which later wears off. A freshly moulted 
adult was found August 10. 

Measurements : — Length of body, 17 mm. ; pronotum, 3.5 mm. ; tegmina, 
10.5 mm.; ovipositor, 13.5 mm. 


GLOSSARY. 

Arolium. — The small pad between the claws at the end of the tarsus. 

Calcaria. — Claws or spurs at the end of the tarsus. 

Carina. — A narrow ridge or keel. 

Cerci. — The longer and more prominent pair of male abdominal ap- 
pendages. 

Olypeus. — A rectangular plate in the lower part of the face, to which 
the labrum is attached. 

Costa. — A broad longitudinal ridge. The ridge along the middle of 
the face. 

Coxa. — The basal joint of the leg, between the body and the femur. 

Cristate. — Crested. 

Elytra. — Wing covers. 
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Exserted.— Protruding. 

Fastigium. — The extreme front of the top of the head ; it joins the occi- 
put with the face. 

Femora. — ^Thighs. 

Fossa. — A depression or groove. 

Foveola. — Two small depressions on the margin of the vertex, near the 
compound eyes. 

Furcula. — A forked process from the last abdominal segment, which 
lies over the supra-anal plate. 

Fuscous. — ^Very dark brown, nearly black. 

Lobe, lateral. — Of pronotum, the nearly vertical side plates. In 
Tettixes, a projection in front of the lateral sinus, and between the first 
and second legs. 

Median lobe, in Teltixes, separates the lateral from the posterior 
sinus. 

Mesonotum. — The dorsal part of the middle segment of the thorax. 

Metanotum. — The dorsal part of the last segment of the thorax. 

Metazona. — The part of the pronotum behind the principal sulcus. 

Occiput. — The top of the head, where it joins the thorax. 

Ocelli. — Simple eyes, found, one in the middle of the face, and one 
near each antenna. 

Ovipositor. — Four prongs, more or less united, extending from the last 
abdominal segment of the female, with which the eggs ai‘e placed. 

Pilose. — Hairy. 

Pronotum. — Dorsal part of first thoracic segment. 

Prosternum. — V'entral part of first thoracic segment. 

Prozona. — That part of the pronotnm in front of the principal sulcus. 

Pubescent. — Covered with soft, short and not crowded hair. wool, or 
down. 

Punctate. — ^Finely dotted or pitted. 

Quadrate areolate. — Divided into four-sided spaces. 

Keticulate. — With net-like veins or markings. 

Rugose. — ^Rough or wrinkled. 

Sinus. — Tjateral. in Tettixes, a notch in the pronotum just above the 
second leg. Posterior sinus, a small notch just back of the lateral sinus. 

Sub-. — A prefix meaning nearly, somewhat. 

Sulcus. — A narrow groove; principal sulcus, the deeper sulcus ci’oss- 
ing the pronotum. 

Tarsus. — The foot, made up of 3-4 joints. 

Tectiform. — ^Roof like. 

Tibia. — The section of the leg between the thigh and foot. 

April, 1911. 



168 


THIRTEENTH REPORT. 


RESULTS OF THE MERSHON EXPEDITION TO THE CHARITY 
ISLANDS, LuAKE HURON. 

PRELIMINARY REPORT ON THE COLEOPTERA. 

A. W. ANDUEWS. 

The writer sj)ent ei^lit (Lavs, June 19 to 26, and July 16 to 17, 
on Charity Island, and one-half day, June 23, on Little Charity Island 
collecting Coleoptera for the Mershon Expedition.* Headquarters were 
established at the lighthouse on the lai*ger island. 

Charity Island, where most of the work w^as done, is heavily wooded, 
and is in an almost virgin condition. The largest and most common 
trees are: Norway pine, Pimis resinosa Ait., red oak, Quercus ruhra 
L., scarlet oak, Quercus coccinea Moench., yellow oak, Quercus ellipsoid- 
alls E. J., white elm, IJlnius mnericama L., red maple, Acer ruhrum L., 
sugar maple, Acer saccharum Marsh, white birch, Betiila alha L., cot- 
tonwood, Populus deltoides Marsh, and mixed with these, are medium 
and small trees of white pine, Phms strohus L., common poplar, Populus 
tremuloides Michx. and others. A variety of trees and shrubs as bass- 
wood, TUia americana, different species of willow and several species of 
dogwood grow on the edge of the woods bordering the shores. 

Charity Island proved to be very rich in Coleoptera. The collection 
has not been completely worked up, but it is estimated that about five 
hundred species and ten thousand specimens were collected in the short 
space of ten days. In tliis paper the writer ha.s only attempted a gen- 
eral statement of the conditions. It is to be followed by a complete 
repoii when Ihe material has all been worked up. 

One of the most striking facts about the distribution of the beetles 
on Charity Island was their great abundance on the northeast shore. 
During the June trip, two small gales from the northeast made (*ollect- 
ing very good on this shore. The waves brought many insects to the 
beach, most of them alive and active, some dead and a few in a de- 
cayed condition, showing long immersion in the water. 

The living beetles, as soon as they reached the sand or rocks, crawled 
up the beach. Some of these crawled upon boards and logs, many went 
underneath them and some made cells in the sand. Most of the species, 
however, remained thus sheltered for a number of hours and then dis- 
persed among the trees and shrubbery lining the shore. 

The great number of insects in the washup attracted many species of 
beetles from the shrubbery, logs, etc., situated at some distance from the 
water. These beetles preyed on the living insects and fed on the dead 
ones on the beach. 

Various species of beetles were found in numbers running on the sand 
and rocks. The species Calosoma frigidum Kirby, was found in hum 

♦For a general account of this expedition see Ruthven, Alexander G., Science, N. S., XXXIII, pp. 
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dreds. Other species, in more limited numbei*s, were GaTosoma scrutator 
Fab., C. GaUdum- Fab., and Garaius macandcr Fisch. (which appeared in 
July). 

Dytisdd{B were found in the washup crawling on the sand and under 
boards and logs. Many species of Curculionidse were found on boards, 
logs and rocks, in some cases fifty or more individuals of the same 
species occurring above and beneath the same ten-foot board. Several 
species of Coccinellidae, such as Hippodamia parenthesis Say, congre- 
gated in such numbers on some of the rocks .and logs as to make the 
latter look reddish at a little distance. 

To summarize, then, the conditions on this shore (northeast), great 
numbers of beetles wei*e found on and under boards and logs, on the 
rocks and large stones, in the rock pools and by beating the foliage of 
the trees and shrubs near the shore line. Among them were the fol- 
lowing groups: Carabidae, Elateridae, Dysticidae, Scarabaeidae, Coc- 
cinellidae, Curculioiiidae, all in great numbers and varieties of species, 
Tenebrionidae and Buprestidae in lesser numbers and s})ecies on top of 
boards and logs and Staphylinidae and others in still lesser numbers and 
species undeimealh boards and debris. 

The writer believes that most of the Ooleoptera found on the beach and 
shores *are species that breed on the Island. These beetles, presumably, 
fly out at night over the water until exhausted and then drop, the 
waves washing them back on the beach, in most cases not much the 
worse for their expeiaence. Ooleoptera were most common on this shore 
(northeast), when the wind and waves were coming from the direction 
of Lake Huron. This would mean that, if the beetles were blown from 
other shores, they would be in the w^ater a number of days and conse- 
quently not active and able to take care of themselves. But, on the 
contrary, they were mostly very active, which presumably indicates tluit 
they had not been in the water any great length of time and had not 
drifted for any distance. For instance, the writer found three speci- 
mens of Acmaeops proteus Kirby, on a log within a space of one foot. 
They were the only ones found on the Island, and it is not at all likely 
that they could float for days and then land together. The Lachnost- 
erna, being night flioi*s, w^ere found in great numbers, both dead 
and alive, on the shore and beach, the living in many cases making cells 
in the sand under boards and logs. The rare,, Lachnostcrna alhina 
Burm., was found in some numbers, this being the first record for 
Michigan. Furthermore in the w^ashup few beetles were found that 
could not live under the conditions as they existed on the Island. Since 
no trees are felled on the island, very few species of Buprestidae, 
Cerambycidae, Cleridae, etc., were found. This was because the absent 
species require freshly cut timber and stimips or drying logs. Some 
that were found on the beach were mostly badly decayed, showing that 
they had come from some distance. 

On the southwest shore the conditions differ much from those of the 
northeast shore. Very few si>et*ies of the above groups were fouiid. This 
was apparently partly because this shore w^as not so favorable for active 
movement, a more or less wfde stretch of dry, loose sand between the 
shingly beach and the edge of the woods and shrubbery preventing the 
beetles from crawling or running freely; and it was probably partly 
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owing to the direction of the winds, although this was not worked out. 

Chrysomelidae, Cerambycidae, Elateridae and Curculionidae were 
found in the willows, shrubs and trees growing at a short distance par- 
allel with the southwest shore. They were also found on the pines and 
oaks, meadow roses, Rom hlanda Aif., milkweed, Asdepias syriaca L., 
and on other plants, by searching the flowers or beating the foliage and 
branches. In a few fungi found in the vicinity of the southwest shore, 
a number of species of fungus beetles were also discovered. 

In the water, mud and matted duck-weed, Spirodela polyrhiza L., of 
the pond near the southwest shore, a number of species of Dytiscidae 
were found by dredging. Several species of Gyrinidae were swimming 
in numbers on the surface. On the lily pads, several species of Donacia 
were to be seen. 

On a sandy path near this shore (southwest), the larvae of Cicindeli- 
dae had pits. These were probably the larvae of O. repanda, as the adult 
of this species was taken there. 

In the interior of the island Coleoptera were scarce. A number of 
species of (Jerambycidae and others were taken on blossoms of flowering 
shrubs. Xylorctes satyrus Fab. found crawling on the ground, and a 
number of species of bark beetles and Staphylinidae comprised about all 
the forms noted in this locality. The other shores also did not yield 
many beetles either in species or in numbers, although seemingly favor- 
able. 

Very few potato-beetles, Doryphora lO-Uneaia Say, ‘‘usually very com- 
mon in the washup on lakes^’ were found. Nearly all were dead, but a 
number, both adults and larvae, were found feeding on night-shade, 
Solanum dulcamara L. 

The writer found Cicindelidac scarce in numbers and species on the 
island, while on the mainland, at Caseville, they were common. 

Passalus cornutus Fab. and several other species common on the 
mainland were not found at any place. 

As no domestic animals were kept on the island excepting pigs, very 
few species of dung lieelies were found, none on the beach and only a 
few species near the pig-pen. These dung-beetles were common on the 
mainland. 

The lighthouse did not seem to attract beetles at all. A few were 
attracted to the window screens by the lamplight, others were observed 
on the walls of whitewashed buildings, and a number of species flew 
around at night between the buildings. A few species of Elateridae, 
Scarabaeidae and Tenebrionidae were taken in the lantern trap 
operated in the woods near the lighthouse by Dr. Newcomb. Some of 
these and other species were also taken at sugar lures on trees, namely 
Calosoma frigidum and others. 

The following method used by the writer, proved especially successful 
in taking Coleoptera on the island. Boards placed end to end on the 
damp sand, out of reach of the waves, collected immense numbers of 
beetles. The beetles coming out of the water crawled on top and under- 
neath the boards and logs, while those coming from the shrubbery and 
timber to prey on the living and dead insects on the shore and beach 
sought the shelter of these same boards and logs at the approach of 
daylight. 

April, 1911. 
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THE 0C50URRENCE OP A CREMASTER MUSCLE IN A WOMAN. 

G. MORRIS CURTIS. 

This rather unusiial anomaly, the occurrence of a distinct Cremaster 
muscle in a human female, is presented, not with the idea of bringing 
out any point in the structure or development of the human muscular 
system, but rather for the purjmse of adding another to the long list of 
anomalies found in adult structure, which can be traced to embryolog- 
ical causes. This particular case represents a condition in which an em- 
bryological structure, normally retained and made use of by the male 
only, is retained by the female because of developmental factors. 

The Cremaster muscle is a thin band of muscular fibers, present nor- 
mally in the male only, which suspends the testis within the scrotum, 
attaching to the body wall above; its literal meaning being to suspend. 
It is supposed to be derived by the dragging down of muscular fibersi 
from the lower border of the abdominal muscles, as the testis descends 
to its adult position. 

Its function is to draw the testis u]) toward the external inguinal 
ring or the inguinal canal, this function being more or less developed in 
man and well developed in rats and squirrels, which can completely 
retract the testes through the inguinal canal into the body cavity. It 
may also serve as an additional support to the testis, in some cases, 

for example in the cat, being represented by a dense fibrous fascia, 

which is said to be formed from the degeneration of the muscular ele- 
ments. 

That its fibers are voluntary and are derived from striped muscle is 
evident histologically and in this it differs from the so called Cremaster 
internus of Henle, which is of uon-striped muscle and is situated at the 
distal end of the testis and separated from it by the infundibuliform 
fascia. 

The muscle is described by McMurrich (in riersoPs Anatomy, p. 519) 
as follows: ‘^The Cremaster muscle consists of a series of somewhat 
scattered loops of muscle tissue derived from the lower part of the 
internal oblique and to a slight extent from the transversalis. It is 
attached laterally to Poupart^s ligament and medially to the anterior 
layer of the sheath of the rectus. The loops descend through the in- 
guinal canal along with the spermatic cord, the muscle being well de- 
veloped only in the male, and spread out in the tunica vaginalis com- 

munis of the testis and spermatic cord. The loops are united by con- 
nective tissue which forms part of the cremasteric fascia. Nerve suoply, 
by the genital branch of the genito-crural nerve. Action, to draw the 
testis upward towards the external abdominal ring.” 

The case to be described was found in the dissecting rooms of the 
Anatomical Laboratory of the University of Michigan. The cadaver 
was that of a young w^onian of medium height, much emaciated by tu- 
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berculosis so that the muscular system was poorly developed. Inr the 
preliminary dissection a small rounded swelling was noted in the right 
inguinal region, approximately under the middle of Poupart’s ligament. 
This was thought to be a hernia at first, but upon complete dissection a 
patulous finger-like process was seen extending downward and inward 
from the external inguinal ring, lying anterior to the closely attached 
round ligament, and lateral to the genital branch of the genito-crural 
nerve. 

The rounded finger-like ])rocess was a projection from the peritoneum 
and had carried with it not only the overlying fascia layers but also 
some of the muscular. The occurrence of the finger-like process is well 
known as a persistent processus vaginalis or canal of Nuck. It was 5 cm. 
long and 1 cm. in diameter. It was covered not only by the enveloping 
fasciae but distinct muscular loops wre seen radiating down 
along its sides to enclose the whole in a basket of closely interwoven 
muscular fibers. Most of these fibers descended along its lateral side from 
the middle of the ligament of Poupart, a few extending from the anterior 
layer of the rectus sheath and the pubic spine. The whole arrangement 
was very similar to that seen in the male specimens on neighboring 
tables. 

Small tu’igs from the genital branch of the genito-crural nerve entered 
the muscle medially supplying it. The relation to the ilio-inguinal nerve 
could not be determined as it had been destroyed in dissection. The 
muscular fibers were closely associated with the accompanying round 
ligament, on which a few fibers sometimes j)ass to be de8cril)ed as the 
Cremaster muscle in the female. 

The embryological condition by which this anomaly can be explained 
has to do with the changes occurring in the descent of the testes and 
ovaries. As they commence their descent an independent change oc- 
curs in the lower pubic region resulting in the formation of a shallow 
inguinal bursa lined by a processus vaginalis of the peritoneum. In the 
male this processus vaginalis is carried down by the descent of the 
testis and is made use of as its tunica vaginalis. In the female the orig- 
inal processus vaginalis usually disappears, in this case however per- 
sisting as a canal of Nuck and bearing on itself fibers of the abdominal 
muscles carried down in its growth. 

The whole anomaly, then, represents the failure of an embryological 
structure to be absorbed and its persistence acquiring the adult condi- 
tion of the opposite sex. 

April 2, 1911. 
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RESULTS OF THE MERSHON EXPEDITION TO THE CHARITY 
ISLANDS, LAKE HURON. 

PLANTS. 

C. K. DODGE. 

The Charity Islands are situated in Saginaw Bay, a part of Lake 
Huron, about nine and one-half miles from Caseville in Huron County. 
The group consists of three islands known as Charity, Little Charity 
and Gull Islands. Charity Island, which has for a long time been owned 
and used for liglit-house purposes by the United States Government, 
contains about boO acres and is much longer in the north and south di- 
rection than wide. Little Charity is the next largest island and is 
privately owmed and used as a fishing station. It is about 3 acres 
in extent and nearly round in sha])e. Gull Island is a small projecting 
reef and was not visited in the course of this w^ork. 

The writer visited the islands in 1908, 1909, and in 1910 with the 
Mershon Expedition, and thoroughly examined the flora. 

It is very evident that sin<*e the glacial times these islands have* not 
been connected with the mainland. The islands themselves have been 
formed by the accumulation of sand upon the rocky reefs that were 
exposed at these places when the level of Lake Huron w^as lowered. It 
is evident that the islands are still in the course of formation, for at 
the noiTh end of Clnirity Island there is a submerged bar extending 
far out into the lake, and at the south end, the Avater is very shalloAv for 
a considerable distance out from shore. On Charity Island exyiosed rock 
is now' mostly to be seen at the north end, but it is also exposed in some 
pla(*es on the east and Avest sides; the Siind has been blown up 
into ridges on the shore and the island is for the most part made up of 
loAv and nearly parallel sand ridges running in a northerly and south- 
erly direction. In their formation these ridges probably occasionally 
enclosed lagoons, as they did on the mainland. There is a lagoon (^Mhe 
pond’^) at i)resent on the southern end and AV(\st side of Charity Island. 
Between the ridges many Ioav places have become partially filled and 
paii:D owing to the collected humus form rich djimy) soil. It will tjius 
be seen that the three major types of habitats, hydrophytic, mesophytic, 
and xerophytic are found here. 

At the present time the islands are densely covered with trees, shrubs 
and herbaceous plants. On Charity Island only a small area has ever 
been cultivated and no stock, except a feAv swine, has been allowed to 
roam. The vegetation is thus in a Aurgin condition. As would be ex- 
pected, the plant coA^ering is composed of mainland species. But the flora 
as a whole shows the influence of its isolation. The seeds of nearly 
all of the forms now found on the islands must in one way or another 
have been carried across the water from the mainland. As one would 
expect those plants that have seeds adapted for transportation by wind 
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or birds are by far the most numerous in species. For example, the 
willows, poplars, Epilobiums, and many species of the Oompositae are 
well represented. All of these species are scattered far and wide by 
their wind borne seeds or fruits. Plants producing? berries and pulpy 
fruits, like the dojywoods, hackberry, strawberry, hiickleberry, cranberry, 
jnneberry and AV’ild cherries, were probably introduced through the agency 
of birds. Many of those whose seeds or fruits are not so easily transported 
are poorly represented on the islands or entirely absent; for example 
only one beech and one jack pine, both common on the mainland, were 
found. The hickories and the hazelnut are absent. 

The occurrence of two species is not easily explained. The tree known 
as the hackberry or siigarberry is common on Little Charity, one tree 
being fourteen inches in diameter and fifty feet in height. The fruit of 
this species is sweet and pulpy and eaten by birds, but, while it has 
reached Little Charity Island, not a single specimen was found on Char- 
ity Island although the latter is many times larger than Little Charity 
and situated about the same distance from the mainland. The tree has 
not been found by the writer on the adjacent mainland, but it is re- 
X)orted by W. H. Wallace as occasionally found near Bayport, Huron 
County. Apios tuhcrosa Moench, often called the wild bean or ground 
nut, is another jHizzling case. This plant is a beautiful vine that twines 
and climbs over bushes. It bears numerous chocolate-colored or brown 
])nrple flowers in dense short racemes, but in the course of thirty years 
of observation in eastern Michigan it has never bc^n seen to bear fruit, 
spreading instead by means of tuberous enlargements of the rootstocks. 
It bears fruit abundantly in the south and has been reported to do so 
in Michigan, but it is believed that it only rarely fruits in this state and 
certainly not often within one hundred miles of Port Huron. ]t is com- 
mon on the mainland and frequent on Charity Island, and it is not clear 
how it could traverse the intervening seven miles of water. 

As a rule, sand binding x>l^Hits are not very j)rominent, but on Little 
Charity Island the beach x>ca almost completely covers the sandy ground 
on the south side. On Charity Island the low juniper is fairly well es- 
tablished ill the sand on the west side of the north end, and the sea sand- 
reed is abundant and holding down the sand on the shore near the light- 
house. The other characteristic shore plants are not abundant but are 
the same as on the mainland. The species noted are Pitcher’s thistle, 
Artemisia candata, Calamovilfw longifoli u. A gropyron dasystachyivm , 
and Juncus halticus liltoralis. 

The usual weeds found on or near cultivated ground are few and on 
Charity Island confined mostly to the vicinity of the lighthouse and on 
Little Charity to the neighborhood of the fishing buildings. 

The distribution of trees and shrubs on Charity Island is much the 
same as on the mainland, lied Oak is dominant on the sand ridges, es- 
pecially near the beach, and extends to the rich damp ground. Between 
the ridges and in rich ground on the east side of the nortli end, white 
elm, Avhite ash, ironwood, red maple and basswood are frequent. The 
white pine trees that occur here are not generally very large or prom- 
inent but fine trees of red pine are found. 

The following list of plants found on the island contains 372 species 
(exclusive of the three unidentified thorns mentioned later). These 
species are all found on the mainland to the south but nearly 900 spe- 
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oies have been noted in the latter place. It will thus be seen that only 
about one-third of the mainland species have been able to reach or main- 
tain themselves on the island. 

LIST OF SPECIES.* 

Pteris aquilina L. Common brake. — Common under trees and in open 
dry ground. Charity Island. 

Asplenium fiUx-foenilna (L). Bernh. Lady fern. — Occasional in 
damp shaded or open ground. Charity Island. 

Aspidmm thchjpieris (L.) Sw. Marsh shield-fern. — ^Very common in 
damj) shaded or open ground. Charity Island. 

Aapidium spinulomm (O. F. Miller) Sw. Spinulose shield-fern. — Fre- 
quent in rich shaded ground. Charity Island. 

Aspidium apinulosum intermedium (Muhl.) D. C. Eaton. Spinulose 
shield-fern. — Occasional in damp rich shaded ground. Charity Island. 

Onoelea sensihilis L. Sensitive fern. — ^Very common in damp shaded 
or open ground. Charity Island. 

Osmunda regalis L. Flowering fern. — Occasional in shaded or open 
wet ground. Abundant in places. Charity Island. 

Osmunda rinnamomea L. Cinnamon fern. — Occasional in wet woods. 
Cliarity Island. 

Botrychium ternatum intermedium D. C. Eaton. Ternate grape-fem. 
— Occasional on dry ground. One specimen noticed near the lighthouse. 
Charity Island. 

Botryclum virginianum (L.) S\v. Rattlesnake fern. — Frecpient in rich 
woods. Charity Island. 

Equlseium arvense L. Common horsetail. — Occasional in dry or damp 
ground. Charity Island. 

Equlscturn syJvanticum L. Wood horsetail. — Frequent in damp 
shaded ground. C'harity Island. 

Equiseium fliiviatilc L. Swamp horsetail. Pipes. — Occasional about 
the pond. Charity Island. 

Equiseium hyemale L. ^^couring rush. — Occasional in light sandy 
ground. Charity Island. 

Equiseium hyemale intermedium A. A. Eaton. Scouring rush. — Fre- 
quent in dry shaded or open gi’ound. 

Equiseium hyemale rohusium (A. Br.). A. A. Eaton. Scouring rush. 
— Frequent in dry shaded ground. Charity Island. 

Equiseium imriegaUDu Schleich. Variegated eqiiiseUim. — Frequent in 
sand along the beach. Charity Island. 

I/ycopodium oomplanatum Ti Trailing christmas-green. — Occasional 
on dry shaded ground. Charity Island. 

Salaginclla apus (L.) Spring. Cree])ing selaginella. — Frequent in 
damp grassy places. Charity Island. 

Finns strains L. Wliite pine. — Common but mostly small trees. Char- 
ity Island. 

Pirns lanhsiana Lamb. Jack pine. Gray pine. — One tree found on 
the west side, Charity Island, first noticed by N. A. Wood. 

♦Scientific names after Gray’s New Manual of Botany, Many common names have been taken from 
Britton and Brown’s illustrated work. 
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Finns reslnosa Ail. Red pine. Norway pine. — Common and many 
large and fine specimens. Charity Island. 

Larix laricina (Du Roi) Koch. Tamarack. American Larch. — A few 
trees near the pond. Charity Island. 

Tsvga canadensis (L.) Carr. Hemlock. — Noticed as occasional, but 
trees not large. Charity Island. 

Thuja occidentalis L. White cedar. Arbor vitae. — Common, espe- 
cially on and near the upper beach. Charity Island. • 

Juniperus communis L. Common juniper. Occasional in dry woods. 
Charity Island. 

Juniperus communis depressa Pursh. Ijow juniper. — Mostly on the 
T\'est side along the upper beach acting as a sand binder. Charity 
Island. 

Typha latifoUa L. Common cat-tail. — Occasional in very wet places, 
noticed in particular near the pond. Charity Island. 

t^ayittaria latifolia Willd. Broad-leaved arrow-head. — About the 
pond and o<*casional in wet sand along the shore. Oharit;f" Island. 

Alisma plantago-aquntica L. Water plantain. — Occasional in low wet 
places along or near tiie beach. Charity Island. 

Etodca canadcmis !Michx, Water-weed. — Abundant in the pond. 

Charity Island. 

Andropogon scoparius Michx. Broom beard-grass. — Frequent in dry 
ground and on sand ridges. Charity Island. 

Andropogon furcatus Muhl. Forked beard-grass. — Frequent on poor 
sandy ground. Charity Island. 

i^orghastruu} nutans (L.) Nash. Indian grass. Wood grass. — Fre- 
quent in open dry ground and on sand ridges. Charity Island. 

Digitaria sanguinalis (L.) Scop. I^arge crab grass. — As a weed about 
the lighthouse. Charity Island. 

Panicum capiUarc L. Old witch grass. — As a weed about the light- 
house. Charity Island. 

Panicum virgatnm L. Switch grass. — Coiuuion in sandy open ground 
and on sand ridges near the upper beach. Charity Island. 

Panicum depaupcratum Muhl. Starved panicum. — Frequent in open 
sandy ground. Charity Island. 

Panicum diclioiomum L. Forked panicum. — Common in sandy shaded 
ground. Charity Island. 

Panicum scrihnerianum Nash. Scribner’s panicum. — Frequent in dry 
sandy ground. Charity Island. 

Echlnochloa crusgalli (L.) Beauv. Barnyard grass. — As a weed about 
the lighthouse and occasional along the beach. Charity Island. 

Setaria glauca (L.) Beauv. Yellow foxtail. Pigeon grass. — As a 
weed about the lighthouse. Charity Island. 

Setaria viridis (L.) Beauv. Green foxtail. Bottle grass. — ^As a weed 
about the lighthouse. Charity and Little Charity Islands. 

Phalaris arundinacea (L.) Reed canary grass. — Occasional in wet 
marshy places. Charity Island. 

Millium effusum Ll Millet grass. — Occasional in rich shaded ground. 
Charity Island. 

Stipa spartea Trin. Porcupine grass. — Occasional on poor sandy 
ground. Charity Island. 
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Phlewn prateme L. Timothy. — Mostly the lighthouse. Charity 

and Little Charity Islands. 

cryptandruH (Torr.^ Gray. Sand dropseed. — Fi’equent on 
sand ridges and on the beach as a sand binder. (Tharity Island. 

Agrostis alha L. Red top. — Frequent in damp ground. (Charity 
Island. 

Calamorilfa longifolia (Hook.) Hack. Ijong-leaved reed-grass. — Com- 
mon on sand ridges and in sand on and near the iipj)er beach, acting as 
a sand binder, ("harity Island. 

CalamagroHtiH canadeuMin (Miehx.) Reauv. Klue-joint grass. — Occa- 
sional in damp open places. (Uiai*ity Island. 

Ammophila awnaria (L.) Link. Sea saud-reed. — In drifting sand 
along the beach, acting as one of the best sand binders; abundant near 
the lighthouse. Charity Island. 

Cinna arundinacea Jj. Wood reed grass. — 0(*(*asional in damp shaded 
ground. C5harity Island. 

Kocicria rrifitata (L. ) Fers. Koeleria. — 0(‘casi()nal on sand ridges. 
Charity Island. 

J)rs(‘h(UHpsia fliwuom (L. ) Triu. tN^mmon hair-grass. — Frequent in 
shaded sandy ground. Charity Island. 

DantJionia i^pirata (L.) Reauv. Common wild oat grass. — Common 
on dry siind.v open ground, diarity Island. 

t^partina mirhau.riafia Hitchc. Slough grass. Tall marsh-grass. — In 
damp ground at the south end of (Charity Island. 

Phragmifen ronutiunis Trin. Reed. — About the ])ond and occasional 
in w^et spots along the beach. Charity Island. In the latter place a 
root or underground stem more than 2(1 feet long was noticed running 
on the surface of the sand toward the w^ater. 

Poa rrnnprcfiHa b. Canada blue grass. Wire grass. English blue 
grass. — Fre(|uent on dry sandy ground. Charity island. 

J*aa pratensis L. June grass. Ktmtutky blue grass. — Frequent, but 
nowhere abundant, (diarity and Little Charity Islands. 

FesUica ovtofora Whit. Slender fescue-grass. — Fi*e(|uent in open 
sandy ground, diarity Island. 

VcHtuca orhia L. Sheejrs fescue. — Frequent on sand ridges. Charity 
Island. 

Agropifron dasifstachgiiin (Hook.) Scribn. Northern wheat-grass. — 
Occasional in sand along or near the upper lieach esi)ecially near the 
lighthouse, (Clarity Island. A good sand binder. 

Agropynni canin nm ( L. ) Reauv. A w ned wheat-grass. — Occasional 
in open woods. Charity Island. 

ElymtiH mnadvHHls L. Nodding wild rye. — Frequent on and near 
the up])er beach as a sand binder, (iiarity and Little Chaiity Islands. 

Hystrix paiula Moemdi. Rot tie brush-grass. — Common in damp w oods. 
(Charity Island. 

Cyperus fUiculmin Vahl. Slender cyi>erns. — Oi'casional on poor dry 
ground. Charity Island. 

Dtilichium arundhiaceum (L.) Rritton. Dulichium. — Occasional in 
very wet places. Noticed in particular about the pond. Charity Island. 

Eleocharis palustris (L.) R. & S. Creeping spike-brush. — Frequent 
in wet idaces, especially along the beach. Charity Island. 

.23 



178 


THIRTuifiNTH REPORT. 


Eleocharia tenuis (Willd.) Schultes. Slender spike-rush. — Occasional 
in damp ground. Charity Island. 

ScirpuB americanus Pers, Three-square. — Common in wet spots 

along the beach. Charity Island. 

Scirpus occidentalis (Wats.) Chase. Western bulrush. — In and 
about the pond. Occasional in wet sand along the beach. Charity 
Island. 

Sdrpus atromrem Muhl. Dark green bulrush. — Occasional in wet 
places. Charity Island. 

Cladiwm muriseoidcs (Muhl.) To-rr. Twig-rush. — In very wet places 
along the beach. Charity Island. 

Carex m^hlenhergii Schkuhr. Muhlenberg’s sedge. — Frequent on dry 
sandy ground and sand ndges. Charity Island. 

Carex stipata Muhl. Awi-fruited sedge. — Occasional in very wet spots. 
Charity and Little Charity Islands. 

Carex pennsylvanica Lam. Pennsylvania sedge. — (Common in dry 
shaded and open ground. Charity Island. 

Carex crairei Dewey. Crawe’s sedge. — Occasional in damp sand along 
the beach. Charity and Little Charity Islands. 

Carex flliformis L. Slender sedge. — Frequent in very wcT places. No- 
ticed in particular about the pond. Charity Island. 

Carex hystericina Muhl. Porcupine sedge. — Occasional in wet spots 
along the beach. Charity and Little Oharitj' Islands. 

Carex intumescens Rudge. Bladder sedge. Occasional in rich damp 
woods. Charity Island. 

Arisaema triphylium (L.) Schott. Indian turnip. Jack-in-the-piilpit. 
— Common in rich woods. Charity Island. 

Acorns calamus L. Sweet flag. — On west side of Little Charily, not 
noticed on Charity Island. 

Spirodela polyrUza (L.) Schleid. Greater duckweed.— Border of 
pond on water and mud. Charity Island. 

Pontederia cordata L. Pickerel- weed.— Noticed in the pond. Char- 
ity Island. 

Jnncns tenuis Willd. Slender rush. Yard rush. — About the light- 
house and along paths. Charity Island. 

Jnncus halticus Uttoralis Engelm. Baltic rush. — Frequent in sand 
along the beach acting as a sand binder. Charity Island. 

Juneus alpinus insignis Fries. Richardson’s rush. — Frequent along 
the beach in damp sand. Charity Island. 

Junens alpinns fuscesccns Fernald. Richardson’s rush. — Occasional 
along the beach in damp sand. Charity Island. 

Lnzula saltncnsis Fernald. Hairy wood rush. Frequent in damp 
shaded ground. Charity Island. 

lAlium philadelpMcmn andinum (Nutt.) Ker. Western red lily. In 

dry sandy ground. Apparently rare. Charity Island. 

Lilium superhum L. Turk’s-cap lily,— On the east side in damp 
ground. Apparently rare. Charity Island. 

Aspa/ragus officinalis L. Garden aspai*agus. — Occasional in dry 
sandy ground. Charity Island. 

Smilacina racemosa (L.) Desf. False spikenard. — Common in damp 
or dry ground. Charity and Little Charity Islands. 
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Smilacina atellata (L.) Desf. Bitar-flowered Solomon’a seal. — ^Com-* 
men in rich or poor ground. Often noticed along the upper beach. 
Charity and Little Charity Islands. 

Smilacina trifolia (L.) Desf. Three-leaved Solomon’s seal. — In 
mud about pond. Charity Island. 

Maianthemum canademe Desf. False lily-of-the-valley. — Common in 
shaded ground. Charity Island. 

Polygonatum Mflorum (Walt.) Ell. Small Solomon’s seal. — Common 
in damp shaded ground. Charity Island. 

Polygonatum commutatum (R. & S.) Dietr. Great Solomon's seal. — 
Occasional in shaded ground. Charity Island. 

Medeola virginiana L. Indian cucumber-root. — Occasional in rich 
damp woods. Charity Island. 

Trillium erectum L. Ill-scented wake-robin. — Frequent in rich shaded 
ground. Charity and Little Charity Islands. 

Trillium grand iflorum (Michx.) Salisb. Ijarge-flowered wake-robin. — 
Common in damp shaded ground. Charity Island. 

Smilax herhacca L. Carrion-flower. — ^Frequent in damp shaded 

ground. Charity Island. 

Smilax hispida Muhl. Hispid greenbrier. — Common in damp thickets. 
Charity and Little Charity islands. 

Dioscorea villosa L. Wild yamroot. — Occasional in damp thickets. 
Charity and Little Charity -Islands. 

Iris versicolor L. Larger blue flag. — Occasional in open wet places. 
Charity and Little Charity Islands. 

Sisyrinchium albidum Raf. White blue-eyed grass. — Occasional in 
damp places. Charity Island. 

Cypripedium acaule Ait. Stemless lady’s slipper. Moccasin flower. — 
Frefiuent in shaded sandy ground. Charity Island. 

Hahctmria hractcata (Willd.) R. Br. Long-bracted orchis. — A few 
specimens noticed in shaded ground near the pond. Charity Island. 

Spiranthes cermai (L.) Richard. Nodding ladies’ tresses. — In wet 
places along the west beach. Charity Island. 

Corallorhiza maculata Raf. Large coral-root. — Occasional in rich 
shaded ground. Charity Island. 

Liparis loeselii (L.) Richard. Fen orchis. — In damp places along 
the west beach. Charity Island. 

Salix nigra Mai^sh. Black willow’. — ^Mostly small shrubs on or near 
the beach. Charity and Little Charity Islands. 

Salix amygdaloides Anders. Peach-leaved willow’. — Frequent in 
damp open ground and in woods with other trees. Charity and Little 
Charity Islands. 

Salix lucida Muhl. Shining willow’. — In wet places along the beach 
and open thickets. Charity and little Charity Islands. 

Salix longifoUa Muhl. Sand bar willow. — Noticed mostly in w^et 
places along the beach. Charity and Little Charity Islands. 

SaUx glaucophylla Bebb. Broad-leaved willow. — Occasional along 
the beach acting as a sand binder. Charity and Little Charity Islands. 

SaUx discolor Muhl. Glaucous willow. — ^Frequent in low wet ground. 
Charity and Little Charity Islands. 

Salix humilis Marsh* Prairie willow. — Occasional on poor sandy 
ground. Charity Island. 
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rosfrata Ricliards. Hebb’s willow. ('hai*i1y Island. 

PopuJuH trrmuloidcH Miclix. Common pc^plar. — American aspen. — Fre- 
quent. Charily and Little Charity Islands. 

Popuhis grandiflmtata Micbx. Larj^e-toothed aspen. ( lecasional. 
. Charity Island. 

Popuhis halsamifcra L. Balsam po])lar. — Common on and near the 
beach. Trees nsnally small and often acting as a sand binder. Charity 
and Little Charity Islands. 

Pop'uhis deltoides Mai*sh. Cottonwood — Common. Many large trees 
in woods and small trees or shrubs on and near the beach, (luirity and 
Little Charity Islands. 

Mifrica gale L. Sweet gale. — In low wet ground. Apparently rare. 
Charity Island. 

Ostri/a rirginiana (Mill.) K, Koch. Ironwood. — ^Frequent in rich 

ground with other trees at the noi*th end. ('harity Island. 

Betnki alha L. White birch. Paper birch. Canoe birch. — (V)mmoii 
with other trees, t^harity Island. 

Ahius incana (L.) Moench. Speckled alder. Hoary alder. — (^unmon 
in low ground. Charity Island. 

Fagus grandifolia Ehrh. American beech. — One large tree found on 
the east side and first noticed by Charles McDonald. Charity Island. 

Qtiercus alha Ij. White oak. — A few small trees on Little Charity, 
but not noticed on (Charity Island. 

(Juernis tnacrocarpa Mi<dix. Bur oak. — A few trees round on Little 
(Charity, but not noticed on (Charity Island. 

Qnireas hicolor Willd. Swamp white oak. — A few trees noti(*ed in 
rich ground at the north end of (^Jharity Island. 

(Jaerras rubra U Bed oak. — Common on poor stindy ground, one of 
the dominant trees. Charity Island. 

Quercus coccinea Moench. Scarlet oak. — A number of trees on the 
east side of (^harity Island are referred to this species. 

Qiieraus ellipsoidalis E. J. Hill. Yellow oak. — ^Frequent on Siuidy 
ground near the ui)per beach, especially on east side. (Iiarity Island. 

Ulmus amvricami L. White elm. x\merican elm. — (Common with other 
trees in rich ground. Charity and Little Charity Island. 

Veliis ocvidentalis L. Hackbenw. Sugarberry. — Common on Little 
Charity, but not noticed on (Charity Island, 

Urtica grarilis Ait. Slender nettle. — ^Occasional in damp open places 
and damp woods, (tharity and Little Charity Islands. 

Laportea canadensis (L.) Gaud. Wood nettle. — Common in rich 
woods. Charity Island. 

Pilea pumila (L.) Gray. Richweed. Clearweed. — Frecpient in rich 
shaded ground. Charity Island. 

Comandra umhcUata (L.) Nutt. Bastard toadflax. — (Common in dry 
gi’ound. Charity Island. 

Runiex crispus L. Yellow dock. — About the lighthouse and occasional 
along the beach. (Charity and Little Charity Islands. 

Polygonum aviculare L. Knotgrass. — ^Noticed about the lighthouse 
and as occasional on dry ground in other places. Charity Island. 

Polygonum amphibiiim L. Water persicaria. — In and about the pond. 
Charity Island. 
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Polygonum muhlenhergii (Meisn.) Wats. Hwaiiip persicaria. — In and 
about the pond. Charity Island. 

Polygonum pemcaria L. I^ady’s thumb. — About the lighthouse as a 
weed and occasional in damp sand along the beach, (^^harity Island. 

Polygonum oonvolvuluH L. Black bindweed. About the lighthouse as 
a weed and occasional along the beach. Charity and Little Charity 
Islands. 

Polygonum cilinode Michx. Fringed black bindweed. — Noticed only 
on Little Charity Island where it is abundant in sandy ground. 

Polygonum srnndem L. Climbing false buckwheat. — Occasional in 
damp thickets. Charity Island. 

Polygonella articulata (L.) Meisn. Coast jointweed. — Common on 
sand tidges, especially on the west side. Charity Island. 

(lirnopodium hyhndiun (IJ.) Maple-leaved goosefoot. — As a weed 
about the lighthouse and occasional along the beach, ('harity and Little 
Charily Islands. 

Chenopodium album L. IMgweed. Lamb’s quarters. — As a weed about 
(he lighthouse and elsewhere. (.Charity and Little Charity Islands. 

Atriple.r paiula hantata (Ij.) Gray. Hal herd- leaved orache. — As a 
weed about the lighthouse, (’harity Island. 

Hahola kali tenuifolia (^'. P. W. Mey. Russian thistle. — A few speci- 
mens noticed about the lighthouse. (Parity Island. 

Amaranthus retro fie, vu>i L. Amaranth pigweed. Green amaranth. — 
As a weed about the lighthouse and elsewhere, (.’harity and Little 
t/harity Islands. 

A ma ran thus graerizaufi L. Tumble weed. — As a weed about the light- 
house and occasional along the beach, (’harity Island. 

Amaranthus hlitoides Wats. I*rostrate amaranth. — As a weed about 
the lighthouse. Charity Island. 

hSilene antiiThina L. Sleepy catchtiy. — Occasional on sand ridges, 
(.'harity Island. 

t<aponaria ofivinalis L. Bouncing bet. Soapwort. — In sand near the 
lightlioiise. < 'harity Island. 

IsAjmplmea adrctui Ait. Yellow water lily. Cow lily. — A few specimens 
in the pond, diarity Island. 

(Uistalia tubcrosa (Paine) Greene. Tuberous white water lily. White 
water lily. — Noticed in the pond. Cliarity Island. 

Ranunculus ahortivus L. Small-flowered crowfoot. — Common in damp 
rich woods. Charity Island. 

Ranunculus recur ratus Pers. Hooked crowfoot. — Occasional in rich 
shaded ground, (’harity Island. 

Ranunculus pennsylrunicus L. f. Bristly crowfoot. — Occasional in 
damp grassy open places. Charity Island. 

Thalictrum dioiciim L. Early meadow rue. — (\)nmion in rich shaded 
ground. Charity Island. 

Thalictrum dasycarpum Fisch. & Lall. Purjfle meadow rue. — Oc- 
casional in damp open ground. Charity Island. 

Hepatica triloba Chaix. ilound-lobed liver-leaf. — Frequent in rich 
shaded ground. Charity Island. 

Hepatica acutiloba DC. fiharp-lobed liver-leaf. — (^)mmon at the north 
end in damp rich shaded ground, (charity Island. 
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Anemone cylindrica Gray. Long-fruited anemone.— Frequent in sandy 
ground and on sand ridges. Charity Island. 

Anemone virgmiana L. Tall anemone. — Occasional in rich shaded 
ground. Charity Island. 

Aqmlegia canadensis L. Wild columbine. Occasional in sandy 
shaded ground. Charity and Little Charity Island. 

MefUspernium camadensc L. Moonseed. — Occasional on border of 
thickets and in damp open woods. Charity Island. 

Podophyllum peltatum. Mandrake. May apple. — Small patches no- 
ticed in shaded ground. Charity Island. 

Sanguinaria canadensis L. Bloodroot. — Common at the north end in 
rich shaded ground. Charity Island. 

Lepidium virgimcmi L. Wild peppergrass. — As a weed about the light- 
house. Charity Island. 

Lepidium apetalum Willd. Apetalous peppergrass. — ^As a weed about 
the lighthouse and occasional on the beach. Charity Island. 

Oapsella hursapastoris (L.) Medic. Shepherd’s purse. — As a weed 
about the lighthouse. Charity Island and little Charity Island. 

Cakile cdentula (Bigel.) Hook. American sea rocket. — Common in 
sand along the beach. Charity Island. 

Sisymbrium officinale (L.) Scop. Hedge mustard. — As a weed near 
the lighthouse. Charity Island. 

Erysimum cheiranthoides L. Worm-seed mustard. — As a weed about 
the lighthouse and occasional on the beach. Charity Island. 

Dentaria laciniata Muhl. Out-leaved toothwort. — Abundant in rich 
w’oods on the east side. Charity Islands. 

Arabis lyrata L. Lyre-leaved rock-cress. — Common on dry sandy 
ground. Charity Island. 

Arabis drmnmondi Gray. Purple rock-cress. — In rich woods on the 
east side. Charity Island. 

Arabis laevigata (Muhl.) Poir. Smooth rock-cress. — On sandy ground, 
mostly at the north end fringing the upper beach. Charity and Little 
Charity Islands. 

Ribes cynosbati L. Prickly gooseberry, — Frequent in rich shaded 
ground. Charity and Little Charity Islands. 

Ribes floridum L’Her. Wild black currant. — Common in damp rich 
shaded gi*ound. Charity Island. 

Hamamelis virgmiana L, Witch-hazel. — Common on dry ground. 
Charity Island. 

Platanus occidentalis L. Sycamore. Button-wood. — ^Many large 
specimens in rich ground with other trees on the east side; numerous 
small trees and shrubs noticed along the beach. Charity Island. 

Spiraea salicifolia L. Willow-leaved meadow-sweet. — ^Frequent in 
damp ground about low places; noticed in particular near the pond. 
Charity Island. 

Pyrus mains L. Common apple. — ^Frequent throughout. Charity 
Island. 

Pyrus melanocarpa (Michx.) Willd. Black chokeberry. — Frequent in 
damp spots; abundant about the pond. Charity Island. 

Amelanchier canadensis (L.) Medic. June-berry. May-cherry. — Fre- 
quent throughout. Charity Island. 
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Amelatwhier ohlongifolia (T. & Q.) Roem. Shadbush. — In sandy 

ground and on sand ridges. Charity Island. 

Amelandhier apicata (Lain.) C. Koch. Rou’^d-leaved June-berry. — Fre- 
quent throughout. Charity and Little Charity Islands. 

Crataegus crus^galU L. Cockspur thorn. — Occasional in open ground 
on the west side. Charity Island. 

Crataegus punctata Jacq. Large-fruited thoi*n. — ^Frequent throughout. 
Charity Island. Three other species of Crataegus not identified, or yet 
named, were noticed — one fine tree standing near the lighthouse. 

Fragaria virgimami Duchesne. Common strawberry. Virginia straw- 
beiTy. — Common in both rich and poor ground. Charity and Little 
Charity Islands. 

Potentilla monapelienais L. Rough cinquefoil. — Occasional as a weed 
about the lighthouse and along the beach. Charity Island. 

Potentilla argentea L. Silvery cinquefoil. — Occasional on sandy 
ground and on sand ridges. Charity Island. 

Potentilla' paluatris (L.) Scop. Marsh five-fingers. — Noticed about 
the pond. Charity Island. 

Potentilla anaerina L. Silverweed. — Occasional on and near the 

beach. Charity and Little Charity Islands. 

Potentilla canadensis L. Five-finger. — Occasional on sandy ground, 
sand ridges, and along the beach. Charity Island. 

(ienm canadenac Jacq. White avens. — ("ommon in rich woods. Char- 
ity Island. 

Ruhua idaeua aouleatisaimiis (C. A. Mey.) Regel & Tiling. Wild red 
raspberry. — ^Frequent on dry sandy ground. Charity and Little Char- 
ity Islands. 

Ruhua triflorua Richards. Dwarf raspberry. — Common in damp 
rich woods and thickets. Charity Island. 

Ruhua ocoidentalis L. Black raspberry. Black Caps. Frequent in rich 
woods and thickets. Big Charity Island. 

Ruhua alleghenicnais Porter. High bush blackberry. — Frequent in dry 
open woods. Charity and Little Charity Islands. 

Ruhua Mapidua L. Running swamp blackberry. — ^Frequent in woods 
at the south end. Charity Island. 

Ruhua villoaua Ait. Dewberry, — Common on sandy ground and sand 
ridges. Charity Island. 

Agrimonia gripoaepala Wallr. Tall hairy agrimon3\ — Occasional in 
open woods. Charity Island. 

Rosa hlanda Ait. Meadow rose. — Common on dry open ground. Char- 
ity Island. 

Rosa Carolina L. Swamp rose. — Fi*equent in wet places, especially 
about the pond. Charity Island. 

Prunua aerotina Ehrh. Wild black cherry. — ^Frequent with other 
trees. Charity Island. 

Prunua virginiana L. Choke cherry . — Common with other trees. 
Charity and Little Charity Islands. 

Prunua pennaylmnica L. P. Wild red cherry.— Frequent on poor 
open ground, especially on the west side. Charity Island. 

Prunua pumila L. Sand cherry. — ^Abundant in spots on and near the 
beach, usually acting as a sand binder. Charity and Little Charity 
Islands. 
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Prunus cerasus L. Common cherry. Sour cherry. — Spreading near 
an old garden at the north end. Charity Island. 

Prunm americami Marsh. Wild i)lum. — Occasional on the west side. 
Charity Island. 

TrifoUnm repens L. White clover. — About the lighthouse and occa- 
sional in other places. Charity and Liltle Charity Islands. 

Deswodium canadense (L.) DO. Showy tick-trefoil. — Occasional on 
and near the l>each. Charity Island. 

Lespedeza capitaia Michx. Round-hpade<l bush clover. — Occasional 
on sandn'idges. C'harity Island. 

jAithyrus 7})(mtimus (L.) Bigel. Beach pea. — ^Frequent on Charity 
Island in sand on the beach, a good sand binder. Abundant on Little 
Charity Island. 

Lathyrus palustris L. Marsh vetchling. — Frequent in low grassy 
places. Charity and Little (Charity Islands. 

Lathyrus palustris myrtifoUus (Muhl.) Gray. Myrtle-leaved marsh 
pea. — Occasional in damp places. Charity Island. 

Apios tuhet'osa Moench. Wild bean. Groundnut. — Frequent through- 
out. Charity Island. 

AmjMearpa rnonoica (L.) Ell. Hog peanut. — ^Frequent in thickets. 
Charity Island. 

Gerauiutu maculatiun L. Wild cranesbill. — Common in rich woods. 
Charity Island. 

Geranium rohertianunh L. Herb RobeiL — Abundant in rich woods on 
the east side. (Uiarity Island. 

Euphorbia preslii Guss. Upright spotted spurge. — Occasional in dry 
ground. Charity Island. 

Euphorbia cyparissias L. Cypress spurge. — In sand about the light- 
house. (Charity Island. 

Bhus iyphina li. Staghorn sumach. — Freciuent in dry or damp ground. 
Charity and Little Ciharity Islands. 

Rdius toxicodendron L. Poison ivy. Poison oak. — ^Very abundant 
over the islands. Htems upright, often 2 or 3 feet and more high with 
leaves and fruit at the lop. Although the islands aiv mostly covered 
with a dense forest, not even one case of climbing trees was noticed. 
Perhaps it will be interesting to note that at Point Pelee on the north 
shore of Lake Erie, Essex ('o., Ontario, about 150 miles farther south 
poison ivy often takes complete possession of trees 50 feet and more 
high and the vine is often more than three inches in diameter. Some 
authors recognize the tree climbing form, as Rhus toxicodendron radicans 
(L.) Farr. Climbing poison ivy. Charity and little ("harity Islands. 

flex rerticillata (1>.) Gray. Winterberi*}'. Black alder. — Common es-^ 
l^ecially about the jamd. (3iarity Island. 

Velastms scandens L. Climbing bittersweet. — Known in Michigan and 
western Ontario as bittersweet. Common in woods and thickets. Char- 
ity Island. 

Acer spicatum Lam. Mountain maple. — Occasional in woods. Charity 
Island. 

Acer sacchariim Marsh. Hugar maple. — Frequent especially on the 
east side. Charity Island. 

Acer saceharinum L. Silver ma])le. — Occasional in woods with other 
Ire^s. Charity and Little Charity Islands. 
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Acer rubrum L. R^d maple. — Common in rich ground with other 
trees. Charity Island. 

Impatiens biflora Walt. Spotted touch-me-not. — Common in damp 
places. (Charity Island. 

Ceamthus americanm L. New Jersey tea. — Red-root. — Common in 
dry ground. Charity Island. 

Ceanothiis orafus Desf. Smaller red-root. — ^Noticed on the east side 
in dry ground, apparently rare. (Uiarity Island. 

Pftedera Htacea (Kneer) Greene. American ivy. American woodbine. 
— Common in woods. Charity and Little Charity Islands. 

Vitis mlphia L. River-bank grape. — Common throughout. Charity 
and Little Charity Islands. 

amcricatHi L. Basswood. — f/ommon with other trees. Charity 
and Little Charity Islands. 

ffjfperirum kalmianutn L. Kalm's Kt. John’s-wort. — Frequent in damp 
])la(‘es along the beach. Charity Island. 

H ypcricum rirginicum L. Marsh St. John’s-wort. — In wet marshy 
places, especially about the pond. Charity Island. 

HcJinnihcmum rarwdoise (L.?) Michx. Ixmg-branched frostweed. — 
Common on dry sandy ground, ( -harity Island. 

Vioh sororia Willd. Wooly blue violet. Occasional in moist, shaded 
ground. Big Charity Island. 

Viola pahcRiTUH Ait. Downy Yellow Violet. In dry rich ground. 
Big Charity Island. 

Viola srahriascula Schwein. Smooth yellow violet. — Common in rich 
woods. Charity Island. 

Epilobiam a npufiti folium L. Great willow-herb. In recent years also 
accpiiring the name of lireweed. — Frequent. Charity Island. 

Epilohium adruoraiilou- Haussk. Northern willow-herb. — Occasional 
in damp ground. (Miarity Island. 

Oeuofhrra hieunis L. Common evening })rimrose. — Common in dry 
sandy ground and along the beach. Charity Island. 

Cirraca luietiaua L. Enchanter's nightshade. — Common in rich woods. 
Charity Island. 

Aralia racrmosa L. S[ukeuard. — Frequent in rich woods. Charity 
Island. 

Aralia nudicaulin L. Wild sarsaparilla. — Abundant in rich woods and 
often in shaded sandy ground. Charity Island. 

^auinila marilaudica L. Kanicle. Black snakeroot. — Abundant in 
rich woods. Charity Island. 

Osmorrhiza louyistylis (Torr.) DC. Smoother sweet cicely. — ^Frequent 
in rich woods and thickets. Charity and Little ('harity Islands. 

Cicuta maculata L. Water hemlock. Beaver poison. — Noticed in damp 
open ground near an old garden at the north end. Root very poisonous. 
Charity Island. 

Cicuta bulhifera L. Bulb-bearing water hemlock. — Occasional in wet 
open places. Root supposed to be very poisonous. Charity Island. 

Cornus canadensis L. Dwarf cornel. Bunchberry. — In damp woods 
at the north end. Charity Island. 

Cornns circinata L^Her. Round-leaved cornel. — Common. Charity 
Island. 
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Cornns amomum Mill. Silky cornel. Kinnikinnik. — Frequent in low 
open places. Ciharity Island. 

Cormis stolonifera Michx. Red-osier dogwood. — Occasional in damp 
OP dry sandy ground. Charity and Little Charity Islands. 

Cormis pwniculata L’Her. Panicled dogwood. — ^Frequent. Charity 
Island. 

Comus alternifoUa L. f. Alternate-leaved Cornel. — Frequent in 
woods. Charity and Little Charity Islands. 

Chimaphila umhellata (L.) Nutt. Prince’s pine. Pipsissewa. — Fre- 
quent in shaded dry ground, especially under pines. Charity Island. 

Pyrola secunda L. One-sided wintergreen. — Occasional in dry shaded 
ground. Charity Island. 

Pyrola elliptica Nutt. Shin-leaf. — Occasional on poor shaded ground. 
Charit}’ Island. 

Pyrola americana Sweet. Round-leaved wintergreen. — Occasional in 
dry shaded ground. Charity Island. 

Monotropa nmflora L. Indian pipe. — Occasional. Noticed by N. A. 
Wood. Charity Island. 

Epigaea repens L. Mayflower. Trailing arbutus. — A few specimens 
on Charity Island in dry ground under trees near the lighthouse. No- 
ticed by Charles McDonald. 

Gaiiltheria procumhens L. Teaberry. Known in Michigan and west- 
ern Ontario as wintergreen. — Common in sandy open or shaded ground. 
Charity Island. 

Arctostaphylos uva-ursi (L.) Spreng. Bearberry. — Common in sandy 
ground on and near the upper beach, often acting as a sand binder. 
Charity Island. 

Oaylussacia haccata (Wang.) O. Koch. Black 'huckleberry. — Common 
in shaded or open sandy ground. Charity Island, 

Vaccimum pennsylvanicmn Lam. Tx)w sweet blueberry. — Frequent in 
sandy oi)en or shaded ground. Charity Island. 

Yaccininm macrocarpon Ait. American cranberry. — A fine patch 
fringing the west side of the pond. Charity Island. 

Lysimaehia ter rest ris (L.) BSP. Bulb-bearing loosestrife. — Occasional 
in low grassy places. Noticed in particular about the pond. Charity 
Island. 

Steironema ciUatum (L^) Raf. Fringed loosestrife. — Common in 
rich woods. Charity Island. 

Trientalis americana (Poir.) Pursh. Star-flower. — Common in rich 
woods. Charity Island. 

Frawimis americ4ina L. White ash. — ^Frequent in rich ground with 
other trees. Charity Island. 

Fraxinus permsylvamca Marsh. Red ash. — Frequent in rich ground 
with other trees. Charity and Little Charity Islands. 

Qentiana andrewsii Griseb. Closed gentian. — In damp spots along 
the beach on the west side. Charity Island. 

Menyanthes trifoliata L. Buckbean. — Plentiful in and about the pond. 
Charity Island. 

Apocynum androsaemifolium L. Spreading dogbane. — Occasional in 
poor ground. Charity Island. 

Apocynum • cannahinum hypericifolium (Ait.) Gray. Clasping- 
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leaved dogbane. — ^Frequent in low ground. Charity and little Charity 
Islands. 

Asclepias tuherosa L. Bntterflyweed. — Occasional in sandy ground. 
Charity Island. 

Asclepids incamata L. Swamp milkweed. — Frequent in damp places. 
Charity and Little Charity Islands. 

Asclepias syriaca L. Common milkweed. — Frequent on sandy ground, 
sand ridges, and along the beach. Charity and Little Charity Islands. 

Convolvulus sepium L. Hedge bindweed. — Occasional in damp open 
places and along the beach. Charity and Little Charity Islands. 

Lithospermum gmelini (Michx.) Hitchc. Hairy puccoon. — Common 
in sandy ground, on sand ridges, and in sand along the beach. Charity 
Island. 

Verbena hastata L. Blue vervian. — Occasional in low open places and 
in damp spots on tlie beach. Charity Island. 

Teucrium canadense L American germander. — Occasional in damp 
open places. Charity Island. 

Scutellaria lateriflora L. Mad-dog skullcap. — Occasional in low shaded 
ground. Charity Island. 

Scutellaria galericulata L. Hooded willow-herb. — Marsh, skullcap. — 
Occasional in damp places. Charity Island. 

Nepeta cataria L. Catnip. — ^As a weed about the lighthouse. Charity 
and Little Charity Islands. 

Prunella vulgaris L. Heal all. — Common in damp shaded or open 
ground. Charity Island. 

Stachys palustris L. Marsh woundwort. Hedge nettle. — Occasional 
in damp open places. Noticed near an old garden at the noHh end. 
Charity Island. 

Monarda mollis L. Pale wild bergamot. — Frequent on dry sandy 
ground. Charity Island. 

Lycopus uniflorus Michx. Bugle weed. — Occasional in damp shaded 
places. Charity Island. 

Lycopus americanus Muhl. Cut-leaved water hoarhound. — Common 
in damp places. Charity and Little Charity Islands. 

Mentha arvensis canadensis (L.) Briquet. American wild mint. — Fre- 
quent in rich open woods. Charity Island. 

Solanum dulcamara L. Known in Michigan and western Ontario as 
nightshade, in England as bittersweet or nightshade. — Common. Char- 
ity Island. 

Solanum nigrum L. Common nightshade. — ^Frequent in rich shaded 
ground. Charity and Little Charity Islands. 

Physalis heterophylla Nees. Clammy ground-cherry. — ^Frequent in 
dry sandy places. Charity Island. 

Verhascum thapsus L Clommon mullein. — Occasional along the beach. 
Charity and LSttle Charity Islands. 

Linaria canadensis (L.) Dumont. Blue toad-flax. Wild toad-flax. — 
Common in dry sandy ground. Charity Island. 

Gerardia pedicularia L. Fern-leaved false foxglove. — Common in dry 
Sandy ground at the south end. Charity Island. 

Gerardia virginica (L) BSP. Smooth false foxglove. — Occasional in 
shaded sandy ground. Charity Island. 
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Gerarrlla paupercula (Gray) Britton. Small-flowered gerardia. — In 
poor ground on the east side. Charity Island. 

Melampyrum Uneare Lan. Cow wheat. — Common in shaded dry and 
sandy ground. Charity Island. 

Pedumlaris camidensis L. Common lousewort. Wood betony. — Occa- 
sional in dry shaded ground. Charity Island. 

Phrijma leptostachya L. Ix)pseed. — Frequent in nch woods. Charity 
Island. 

Plantago rugelii Dene. Rugel's plantain. — A few specimens about the 
lighthouse. Charity Island. 

Galiiiw aparine L. Cleavers. Goose grass. — ^Frequent in rich shaded 
ground on ('harity Island; abundant on Little Charity Island. 

Galium triflorum Miehx. Hweet-scented bedstraw. — Common in woods. 
Charity Island. 

Dierrilhi lonicera Mill. Bush honeysuckle. — CVccasional on poor dry 
ground. Charity Island. 

Lonicera glaucescetifi Rydb. Douglas’ honeysuckle. — ^Frecpient in open 
woods. Charity Island. 

Viburmimi lentago L. Xannylierry. — Occasional in woods, diarity 
and Little (’harity Islands. 

l^amlmcuH canadensis L. (^uumon elder. Rweet elder. — Occasional in 
open woods. Charity Island. 

Hamhucus racemosa L. Red-berried elder. — 0<*<*asional in djimp 
woods. Charity and Little Charity Islands. 

Campanula rotundifolia L. Harebell. Bluebell. Bluebells of Scot- 
land. — Common on sandy ground and sand ridges, esj^ecially near Ihe 
upijer beach. Charity Islands. 

Campanula aparinoides Pursh. Mai*sh bellflower. — In marshy ground 
about the pond, with the cranberries, (fliarity Island. 

Lohelia spicata Lam. Phle spiked lobelia. — Occasional in o])en grassy 
places. Charity Island. 

Enpatoriuni perfoUatiim L. Boneset. Thorough wort. — Frequent in 
loAV open places. (’Jiarity Island. 

Liatris cylindracea Miehx. (\ylindric blazing star. — In dry sandy 
ground at the south end of Charity Island. 

Sol id ago caesia L. Blue-stemmed goldenrod. — Fi’equent in damp 
woods and thickets. (Charity Island. 

Solidago hispida Muhl. Hairy goldenrod. — Frequent on sandy 
ground and sand ridges. Charity Island. 

Solldago jwncea Ait. Early goldenrod. — ^Common on dry and sandy 
ground. Charity Island. 

Solidago riigosa Mill. Wrinkled-leaved goldeni*od. — Fre<]uent in dry 
sandy ground. Chai*ity Island. 

Solidago fwmoralis Ait. Gray goldenrod. — Frequent in sandy ground. 
Charity Island. 

Solidago altissima L. Yellow weed — (’oinmoii in open ground. 
Charity Island. 

Solidago scrotina Ait. l^ite goldenrod. — (^ommon in open damp 
places. Charity and Little Charity Islands. 

Solidago graminifoUa (L.) Salisb. Bushy goldenrod. — Common in 
damp places. Often in damp sand on the beach. Charit>' Island. 
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Aster azureus Liiidl. Sky-blue aster. — Common on poor sandy j^roiind. 
Charity Island. 

Aster sagitt'ifolins Wedeineyer. An’ow-leaved aster. — In open woods 
and places at the north end. Clmrity Island. 

Aster Imris L. Smooth astei\ — Common in dry sandy j^ronnd. Char- 
ity Island. 

Aster pohjphylhis Willd. Faxon’s aster. — Occasional in damp sand 
along the beach. Charity Island. 

Aster tradesearUi L. Tradescuiut’s aster. — ^Frequent in damp open 
ground. Charity Island. 

Aster juneeus Ait. Rush aster. — About the jamd with the cranberries. 
Charity Island. 

Aster iimbellatus Mill. Tall fiat-top white aster. — Occasional in damp 
open woods. Cliarity Island. 

ErUjeron phiJudelphlens L. Philadelphia fleabane. Field daisy. — Oc- 
casional in open ground. Charity and Little Charity Islands. 

Erujeron annuus Ij. Sweet s<‘abious. — Occasicmal in open ground. 
Charity Island. 

ErigeroH ramosns (Walt.) RSJ\ Daisy fleabane. — Oc(*asi<mal in j>oor 
open ground. Charity and Little ('harity Islands. 

Erigerou ranadoisis L. Horseweed. — As a weed near the lighthouse. 
Charity and Uttle Charity Islands. 

Anieimaria canadensis Greene. Canadian caCs-foot. — Frequent on 
poor open gound. Charity Island. 

(rnaphaliinn decurrens Ives. Clammy eveidasting. — Near the light- 
liouse on (liarity Island in poor ground. Apparently rai*e. 

RmJheckia liirla L. Yellow daisy. Rlack-eved Susan. — Occasional 
ill sandy ground. Charity Island. 

Heliatifhas diraricatns 1^. Woodland sunflower. — (\)mmou in dry 
open woods. Charity Island. 

Hclkintlins straniasus L. Pale-leaved wood sunflower. — Occasional in 
open woods. (Miarity Island. 

Hidens frondosa L. Beggar-ticks , — Occasional in dainj) ]daces along 
the beach. Charity Island. 

Bidens trichospernia tenniloba (Gray) Britton. Tickseed sunflower. 
— About the jiond with the cranberries. Charity Fsland. 

Achillea niillefoliani L. Common yarrow. — Frecjuent. Charity Island. 

Artemisia candata Michx. Tall wormwood. — Onnnion on sandy 
ridges and in sand along the beach. Charity and Little Cliarity Islands. 

Erechtites hieracifolia (L.) Raf. Fireweed. — Abundant along the 

beach in dam]) places, ("harity Island. 

Arctium minus Bernh. Common burdock. — Frequent, (^harity and 
Little Charity Islands. 

Circiunt lanceolatmn (L.) Hill. Conmioii thistle. Bull thistle. — Oc- 
casional. Charity and i.^ittle Charity Islands. 

Circium pitcheri (Torr.) T. & G. Pitcher’s thistle. — Frequent in'drift- 
ing sand along the beach. Charity Island. 

Circium muticum Michx. Hwainp thistle. — Occasional in marshy 
places. Charity and Uttle Charity Islands. 

Circium arvense (L.) Scop. Canada thistle. — Occasional. Charity 
and Little Charity Islands. 
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Tarmamm offincinalc Weber. Common dandelion. — ^Frequent. Charity 
and Little Charity Islands. 

Sonchus asper (L.) Hill. Spiny-leaved sow thistle. — As a weed near 
the lighthouse. Charity Island. 

Lactma scariola integrata Gren. & Godr. Frickly lettuce. — As a 
weed about the lighthouse. Charity and Little Charity Islands. 

Lactuca canadensis L. Wild lettuce. — ^Frequent in open woods. Char- 
ity and Little Charity Islands. 

Lactuca spicata (Lam.) Hitchc. Tall blue lettuce. — Occasional in 
damp open woods. Charity and Little Charity Islands. 

Prenanthes racemosa Michx. Glaucous white lettuce. — Frequent in 
damp ground at the south end. Charity Island. 

Prenanthes alia L. White lettuce. Battlesnake root. — Occasional in 
open woods. Charity Island. 

Uieracium i-enosum L. Rattlesnake-weed. Frequent on poor sandy 
ground. Charity Island. 

Hieracium scabrnni Michx. Rough hawk weed. — Frequent in sandy 
ground. Charity Island. 

Hieracium gronovii L. Gronovius’ hawkweed. — Occasional in sandy 
ground. Charity Island. 

Hieracium longipihim Torr. Long-bearded hawkw’ced. — Common on 
open sandy grotind. Charity Island. 

Hieracium nmiellatum L. Narrow-leaved hawkweed. — Frequent in 
open sandy ground. Charity Island. 

April, 1»11. 
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OUTLINE KEY OF THE GROUPS OF THE GENUS HELIANTHUS 

IN MICHIGAN. 

S. ALBXANDKIl. 

In the summer of 1905 I thought to acquaint myself with the sunflow- 
ers which were indigenous in the vicinity of Ann Arbor. On consulting 
the flora of the state, I found that there were but sixteen species listed 
for the whole state and one of these was put down as an escape from 
our gardens. There were not more than six or eight si)ecies assigned to 
the vicinity of Ann Arbor or southeastern Michigan. 

It looked as if I should have an easy task. I had not more than 
begun my work when, to my perplexity, I found plants in great num- 
bers and forms whi(*h could not be diagnosed in any of the manuals at 
iijy command, including Gray^s ^‘Synoptical Flora.^’ I had the pleasure 
of accepting one of the two following propositions: either I was inca- 
pable of diagnosing the plants or that there were many species yet un- 
described. After having correctly diagnosed many hundreds of plants 
during a period of forty-five yeai*s I was not disposed to accept the first 
proposition. I did accept the second and set about to prove it, in which 
endeavor I traveled over a large stretch of country during a period of 
five years. During this time I collected a large number of sunflower 
plants and placed them in a garden where 1 could study them individu- 
ally and comparatively. I got as many of the old and well known plants 
as I could find for purposes of com])arison with the new. After five 
years of study I have concluded that I have found several times as 
many new plants as have hitherto been known. 

The territory of this remarkable development of sunflowei’s seems to 
have quite definite limits, and within the general limits some of them 
are regional. Each of the following rivers, the Clinton, the Rouge, the 
Huron and the Raisin has a sunflower flora peculiar to itself. The same 
can be said of the intennediate stretches of country. Some of our natu- 
ralists think that these plants are in a plastic, mutating state. I believe 
rather that they are the remains of a once wonderfully copious genus. 
The story of this Botanical Terra Incognita would be very interesting and 
too long to be told here. 

I expect to begin a revision of this paper during the pi*esent season in 
which I shall describe and name a large number of plants. The fol- 
lowing key extends only to the great and some of the lesser groups. 
My plants are mostly in the botanical garden of the State University, 
where I hope our botanists will examine and become acquainted with 
them. 

It will be observed that the first division of the perennial sunflowers 
into two heads is based on the underground system of each head. It 
would not be correct to speak of these systems as the root system, since 
the first head is based on the roots entirely and that in the second 
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head tlie roots play no part in its differentiation. Tlie so-ealled root- 
stock, or earth branch is the great character there. Hence w e will speak 
of the iOiderfjroumJ ffystenis as bases of fundamental grouping. I think 
that these systems have never before been used in the classitication of 
these plants. 

The genus Helianthus is one of the most interesting and the least 
undei*stood of all the genera of our Michigan flora. This genus can be 
arranged under tw^o great divisions, annuals and perennials. As there 
are no annuals indigenous to Michigan, 1 shall give them no considera- 
tion in this article. 

The nerennials persist for an indefinitely hmg time and can be classed 
under two heads, each containing many lesser groups. These two heads 
are strongly differentiated and are easily recognized by their different 
annual grow^th and methods of vegetative re]n*odnction. In speaking 
of these heads it is ne(*essary to have names for them, as I shall have 
occasion to refer to them frequently. 1 shall therefore, before describing 
them, give each group a name exjnossive of its most distinguishing 
character. The ])lants of the first head which I shall consider do not 
move about fi'om place to i>Jace by an underground stem or shoot. Be- 
ing thus permanently located I liave named it the Stationary Groui). 
For the reason that the plants of the second head move about annually 
by means of an underground shoot or runner T have called it the ^figra- 
torial (troup. 

The terms “stationarr’ and “migratoriar" express tw o remarkably cqipo- 
site and definitive characters in these groups. But each head has other 
chara<*ters as decidedly o])i>osile and definitive as those above mentioned 
and strongly demand other names to be used synonymously and inter- 
changeably with those above given. Before going on with these grou]) de- 
scri])tions, 1 find it necessary to make a diversion long enough to give con- 
sideration to the tenn ‘‘creei)ing rootstock" which is much used in the 
manuals in the description of the sunllow'ei-s to show" the manner of their 
vegetafive i)erennial pei*])etuatiou. The part denominated rootstock in 
this connection does not fulfill the definitions of the underground shoot 
of that name as given in the structural botanies, which is: A peren- 
nial, horizontally elongated, more or less subterranean, root-like form of 
the stem, which grows after the manner of ordinary stems, advancing 
from year to year, by the annual development of a bud at the apex, and 
emitting roots from the under surface; thus established, the older por- 
tions die and decay annually as corresponding additions are made to the 
opposite extremity. On these root stocks are seen the scars left by the 
aerial shoots of several years; in the spring the terminal bud unfolds 
into leaves and flowers, to i)erish in autumn, a new" bud to open in the 
following spring, and a new- internode, Avith its roots, to abide for seve- 
ral years. 

While the foregoing definition applies, in a degree, to the so-called 
rootstocks of the migi*atorial sunflowers, it is, in a high degi*ee, inade- 
quate be<*ause it contains much more than belongs to the somew’hat sim- 
ilar shoot of the plants which we are discussing. It does not apply 
in any degree to the stationary group as the latter has no shoots at all 
homologous to a rootstock although the botanists use the term root- 
stock in their descritions of the very few- members of the group w^hich 
they have known. 
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Neither does the term rootstock as above defined apply with full force 
to that underground, stem of the migratorial sunflowers which the de- 
scriptive botanists call a ^^creeping rootstock” by means of which the 
plants of this group are said to be perennial. Rootstocks proper differ 
from the so-called rootstocks of the sunflowers in the following essen- 
tials: The rootstock proper is indefinitely perennial; that of the sun- 
flower is a winter annual vegetatively produced each year and com- 
pletely dying the next, after having performed its work of the second or 
functional season as will be more fully discussed further on. The root- 
stock proper continually adds to its length at the apex by annual growth 
and dies off to an equal amount at the rear end and bears on its upper 
surface the scars of the aerial stems of several successive years. The 
somewhat similar structure in the migratorial sunflower which, in a 
degree, resembles the rootstock in structure and fund ion, is an under- 
ground branch which does not possess several of the essential characters 
of the rootstock yiroper as defined in the books. 

It resembles the rootstock in having a progressive, forward, horizontal 
groAvth for but one season only, and has a terminal bud at the forward 
end which grows upward during the second season to form the aerial 
stem with its load of branches, leaves and fruit, and another individual 
like itself. The resemblance ends here, for, unlike the rootstock projier, 
it does not possess the following characteristics: It is not perennial, 
as is generally supposed, or even properly biennial (this statement will 
be considered infra), hence they do not, after several years growth, 
die off annually at the rear end to an amount equal to that annually 
added by progressive growth at the front end, thereby retaining a con- 
stancy of length and this for an indefinitely long time; there are no 
annual stalk scars on its upper surf<ace, indicating the age from the 
growing point back to the dying end. 

It furthermore is not a continuation of the previous year's growth 
as is the case with the rootstock but grows out from the underground 
portion of the aerial annual stalk of its own formative season; this 
makes it a suhtvrranean branch identi<*al homologically with the similar 
structure in the potato and denies to it all rootstock chara(*icrs. Hence 
the tenn ‘‘creeping rootstock” as applied to the simfUnver should be forever 
discontinued. Rut we need a special term to be applied to this and iden- 
tical structures in other plants. A suitable tenn for this purpose is 
difficult to find or invent; but I must have some term from now on, 
and provisionally I shall use the good Anglo-Saxon coin])ound earth- 
branch. T will cordially thank anyone who will send me a more suit- 
able term for future adoption. This earth-branch has all the cliai‘acters 
of a branch, for it buds and branches itself like aerial branches. 

I have made a seemingly contradictory statement above to tlie effect 
that the earth-branches of the migratorial plants are not perennial as is 
commonly supposed or even properly biennial This seems the more con- 
tradictory When we remember that this group of plants is placed under 
the classification of perennial. 

To ie#*onciie this seeming contradiction T will proceed lo give an ex- 
act statement of the life history of a single plant. We will begin with 
the seed, whose young plant as soon as it liecomes established the 
first year, sends out earth-branch. At the end of the first season 
26 
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the aerial stalk of the .young plant and its roots die, and thus completely 
sever the connection between the young parent plant and the earth- 
branch. The laller being left perfectl.v independent, lies dormant until 
the following spring when the terminal bud grows upward into the aerial 
stalk of the season, at which time the earth-branch ceases to be such, 
but develops its rootlets of last year’s formation into large roots, and 
functions itself as such, changing from a succulent to a hard woody 
texture. 

After the aerial stalk is established it sends forward new earth- 
branches as did the ])arent seedling of the previous year, and in the 
prolongation of last .year’s growth. These earth-branches branch more 
or less, each branch diverging somewhat, but tending to grow parallel 
with the main branch of the last .year’s growth. At the end of the sea- 
son the aerial stalk and its roots all die as did the seedling plant the 
year before, thus completely severing all living connections with the 
new earth-branches, Avhicli are left inde])endent to repeat the process 
.iust described the next year and on indetiiiilel.v. This is the life history 
of a single ])lant. 

It must now be evident why I have designated this grouj) of sunflow- 
ers as migratorial. It is b.y this character that they spread by under- 
ground growth. It Avill be seen from the foregoing that an eartli-branch 
has two seasons duration, less than a year and a half in all; or from the 
first of Ma.y until the last of October of the next year is the term of 
their life. This is the reason wh.y T have said tnat they are not per- 
ennial 01* ])roperly biennial. The first season of their existeme T liave 
designated as their formative season, during which they j)erform no 
other work than that of growth and preparation for the second or 
functional season, during which the.v jiroduce from their terminal buds 
the aerial stalks of that season and the earth-braiK'Ii for the following 
year’s work. 

Each year’s planis leave behind them lines of dead annual ancestors, 
each caie of whicdi was produced vegetal ivel.v by its annual parent of the 
ju*evious .year. Each ])lant lives a sort of double life, while dying from 
age and exhaustion, they are renewing their youth b.v }>roducing from 
their o\ni bodies a .voung ])lant in the shape of an earth-branch which 
will function next .year and die. The old plant and the new, parent and 
offs])ring, age and youth, death and revival are all in one ])lant at one 
lime. 

Having shown v(u*y marked dilferences between the rootstock ])r()per 
and the so-called rootstock of the migratorial sunflowers. I will now 
return to and proceed with the extended description of ea(*h of the great 
j>erennial divisions of the genus under consideration. 

The grou]) which I have described as stationary is such foj* the reason 
that each plant luis a ])erennial crown which annually ])rodu(‘es buds 
just at the surface of the earth and around the ])reseiil .year’s stem which 
dies down to the ground each autumn. The succeeding spring these 
buds grow and become the aerial stalks and stems of that season. Hith- 
erto botanists have described these ])lants as being perennial b.v ‘^thick- 
ened flesh .v roots and creeping rootstocks.’’ T will here repeat that the.v 
have no rootstocks or anything corresponding to them. Fnlike the mi- 
gratorial plants the.v have nothing unflrrgronnd hnt roots* B.v means 
of the roots this section of the sunflowers is divisible into two diverse 
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groups. The first group has very much thickened, fleshy roots, in allu- 
sion to which I have called it the Oarnosae, or fleshy-rooted group. The 
second group has fibrous roots, for which reason I have called it the 
Fibrosae. Right here comes in another remarkable distinction between 
these groups The roots of the Oarnosae, for example those of Helian- 
ilmn gif/fmtcus, have hitherto been considered as perennial, a notion 
which f had accepted up to June, 1911, but this is entirely erroneous. 
The crown of this group is perennial, but the roots are winter annuals. 
They are formed each year anew by the perennial crown and function as 
roots only durhig their first or formative season. During the latter j^art 
of that season they become thick and fleshy by the deposition of much re- 
serve material which is entirely consumed the next spring by the crown 
in the formation of new roots and the aerial stalks. Thus it will be 
seen that the roots, as roots have but one season's existence, for during 
the second season they do not function as roots to any extent whatever, 
but sim}>ly as rej^ositories of food for the new growth. The Fibrosae, 
chietly a new group, are very different. The roots of this grouj) are pei*en- 
nial. I will not say more about this group until after I have given it 
another season's study. 

Sometimes the stems which grow from the lower buds of the crown 
of these ]>lants, when obstructed in their upward growth by snj^er- 
})os(m 1 roots y\\\] work their way for a short distance under ground un- 
til they find an opportunity to take an upward course and emerge from 
the ground. At the ]>oint of emergence a fascicle of roots will be formed 
similar to that of the parent. The roots of these plants sometimes bud 
(m the thickened part and send up an aerial stem >\1iich will form a new 
fascicle of roots. It is a characteristic of some of the species of this 
grou]> that, if earth b(‘ piled high around the base of the stalks a 
new fascicle of roots will be ]>roduced above the <dd one. This is not 
the case with the migratorial grou]). 

llecause of the fa(*l that several stalks arise each year from the buds 
of the crown, and also that each stalk may and frequently does send 
out new roots, the ])lants are clustered or caespitose. The gTound 
around these clusters is ])acked full of these roots. In many of the 
Fibrosae the roots are interwoven and thickly matted. This is a general 
(‘haracter of the whole group which distinguishes it very decidedly fi'om 
the migratorial grou]). 

The technical name of the group I have therefore called Storeatae, 
which is derived fi*oni the Latin slorca, a mat. The Storeatae, sub-group 
(.-arnosae, falls into two sections, as follows: 

Se(*tion 1. The IMnnatae, or ]»lants whose leaves are i>innately veined. 
This section embraces the tVdIowing old and well known jJants besides 
sevcTal other species recently found in this state by the author. Their 
description will be given in the revision of the monograph. 

Section 2. The Trinervae, whose leaves are three-nerved after the 
manner of those of the great migratorial group which will be consiuered 
farther on. 

This is a large and very remark.able group of plants all of whose spe- 
cies now known were discovered by tlie author within the last four 
years chiefl}- during the autumn of 1910. It will thus be seen that 
this section is new to science. It divides itself into two Avell marked 
sub sections in the following manner: Asprrae which consists of plants 



196 


THIRTEJBNTH REPORT. 


whose stems and leaves are rough to very rough. This group consists of 
a large number of species of various aspects and habitats. The second 
sub section of the Trinervae I have called the Planae. This group, as 
its name implies, consists of plants whose stalks are glassy, smooth 
and generally glaucus, and are variuos in inflorescence and form of 
leaf. 

The second great head of our perennial sunflowers I have called the 
?>parsae, a name indicative of the scattered condition of the underground 
system. The roots in this groii]) are few and small and are of but slight 
descriptive importance. The two great distinctive characters in this 
very natural assemblage of plants are its earth-branch and through that 
the migratorial habit. This head rc^solves itself into smaller groups in 
the following manner: Konpetiolae or sessile leaved group, which is 
further divided into the Uninervae, wiiose leaves are narrow find strictly 
one-nerved and contains the following old species of other states put 
in here to complete the classification : 

II. angustifolius L., H. orgyalis DC. 

The lenves of the second group of the Nonpetiolae are all three-nerved, 
for which reason I have called it the Triplinervae. Among the old and 
well knoAvii species which belong in this group are the following Migra- 
torialae: 

H. divaricatus L. 

H. mollis Lam. 

H. doronicoides Lam. 

H. ciliaris DC. 

H. radula Torr. & Gray. 

H, heterophyllus Nutt. 

H. cinereus Torr. & Gray. 

There is but one of the above species indigenous to the state. I have 
put the foreign plants in to complete the sequence of groups. I have 
several more newly discovered three-nerved sessile-leaved plants of this 
state in the Botanical garden not yet described. 

The second groiq) of the Rparsae consists of those plants which are 
manifestly petioled. I have named this group the Petiolae. This is a 
large assemblage of plants and consists of both old and new species, 
the latter far outnumbering the former. It is composed of two sub- 
groups namely: Eai*th-branch cylindrical or the Cylindrae, which is 
still further divided into the Nudipetiolae consisting of plants with 
leaves whose petioles ai’e nearly or entirely wingless. This is not a 
very large group, perhaps from ten to fifteen species, all but one of 
which are new to science and indigenous to the state. 

The second section of the Spargerae consists of plants whose leaves 
have petioles conspicuously winged and contains the great bulk of the 
genus Helianthus. It is called the Alatae. There are about twelve or 
fifteen old species belonging to this section. Conspicuous among these, 
striimosus, decapetalus and occidentalis may be given as representative 
examples. It seems very remarkable that the winged petioles should 
never before have been used as group characters. This character I find 
highly useful in differentiating groups and species. 

The second group of the Petiolae is made up of plants whose earth- 
branches bear terminal tubers. The H. tuberosus may be taken as the 
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type of this group. The latter species has never been reported as indi- 
genous to this state by any of the writers of catalogues of the state 
flora, although it groAvs abundantly in and around Ann Arbor, the Ag- 
ricultural College, along the banks of the Huron River and also along 
the banks of the Rouge River in and far above Detroit. The typical 
H. tuberosus was reported by Winchell in his catalogue of 1860 and 
quoted by others as the H. hirsutus, the latter being a plant without 
winged petioles or tubers and I doubt that it is indigenous to the state. 
Instead of' there being one species of the tuber bearing sunflowers and 
one or two so-called varieties, there is a large number of species of 
various aspects, habits and habitat. The several species vary in height 
from two to twelve feet, from smooth to very rough pubescent, and each 
species bears tubers very characteristic of itself. The earth-branches 
vary in length from two to five feet. This division of the Petiolae in 
contradistinction from the Oylindrae I have named the Tuberae. Al- 
though I have named many of the species in this group, I have neither 
subgrouped nor described them and shall not or cannot do so until the 
proper season arrives. 


COMPARATIVE SYNOPSIS OF THE TWO GREAT DIVISIONS OF THE PERENNIAL 

SUNFLOWERS OP MICHIGAN. 


Plants stationary. 

Plants properly perennial by a perennial <TO\vn. 

Crown producing surface buds from which arise 
the aerial stalks of the next year. 

Roots fascicled, fleshy or fibrous, lienee Storeatae 
from the Latin storca, a mat. 

Roots- 

(Group Carnosae) fleshy, formed each year anew 
by the perennial crown and completely con- 
sumed the next by the same crown to fonn new 
roots and stalks. 

(Group Fibrosae) fibrous, perennial and hence 
not consumed by the crown. 

No rootstock, or any growth which is in any degree 
homologous to that form of umlerground stem, 
notwithstanding the fact that manual writers 
use the term “creeping rootstock” in the des- 
cription of their plants. 


Plants migratorial by a progressive underground 
growth, the earth-branch. 

Perennial by a succession of winter annuals, each 
of which is produced vegetatively bj^ the pre- 
vious year’s plant. 

No crown, and hence no surface buds from uhich 
next year'.s aerial stalks arif^c. 

Roots not fascicled, or fleshy, or perennial, or 
matted, but few, scattered. 

Roots are annual and hence they do not main- 
tain a living, perennial connection with a 
crown, .since there is none, and through that 
with each othi-r. 

The roots instead of being an outgrowth from a 
perennial crown, arise from the annual earth- 
branch. 

The earth-branch has two seasons of life, \iz., the 
first, or formative season, during winch it does 
no work but to come forth and perfect itself 
for the work of the second, or functional .season, 
during which it produces an organ like it.'-elf, 
and then by death completely severs it.s con- 
nection with Its vegetative ofT.spniig, which 
becomes next years plant. The above p.ocess 
is repeated for an inoefmitely long time. 


TABULAR SYNOPSIS OF SUNFLOWERS. 


Perennial.. 


Sparsae.. 


Scabrae e. g. 


Storeatae 


Carnosae . . 


Pinnatae . 


I H, gigantems. 
t. H. Maximihum. 
Kellermani. 
grosseserratus. 


1 f H. Kellermani 

1 Glabrae e, g.. ^ 

I H. 

A.sperae. 

Pianae. 

Fibrosae (Not yet w'ell enough studied for .subdivision L' 

I' Nudipetiolae* 


Trlnervae.. . 


Cylindricae . . 


Petiolae . . 


Nonpetiolae. 


f H. decapetalus. 
Alatae e. g.. . i 

[ H. stromosiKs. 

Uninervae e. g. H. angustifolius. 
Tiiplinerv'ae e. g, H. divaricatus. 


Tuberae e. g. H. tuberosus. 
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To the Michigan botanists I need make no apology for the incomplete- 
ness of the foregoing sketch for it was in response to their earnest solic- 
itations that I have made this outline statement so that they could in the 
future, in case of my disability, carry the work to completion. 

EXPLANATION OP ACCOMPANYING CUTS. 

Cuts No. 1 and No. 2 represent two distinct forms of the Storeatae. 
The roots of No. 1 are fibrous while those of No. 2 are thick and fleshy 
with long attenuations. 

Outs Nos. 3, 4 and 5 represent earth branches of the Spargerae. 
They are shown here at the lieginning of their second or functional 
season. It will be seen that they have no roots except some very small 
ones at the apices. The small ones would develop later into large roots. 
No. 3 is natural size. No. 4 is two-thirds natural size. In No. 4 the old 
plant of last year shown in the right-hand upper corner is completely 
dead. 

These five cuts represent in a general way the more prominent under- 
ground systems of the genus. The other forms are modifications of 
these. 

Detroit, Mich., July, 1911. 


A RETROGRESSIAT. METAMORPHOSIS ARTIFICIALLY PRO- 
DUCED. 

S. ALEXANPEE. 

If fairly matured blossom buds of the peach be inserted in a stock 
after the way of ordinary bud grafting, they will generally drop off 
without making any growth, but occasionally they will grow after the 
following manner: 

The peduncle will increase in length to the extent of five or six inches. 
The sepals will grow to the size and length of full-sized leaves. The 
petals become sepal-like and the stamens take on color, expand their 
filaments and appear like petals. The styles and stigmas divide to an 
extent and endeavor to become stamens but fail. 

If these retrogressed flowers be permitted to further develop they will 
send out a bud which will grow into a tree. 

I have witnessed this phenomenon a number of times — from twenty 
to thirty in all — in my own peach nursery. 

Detroit, Mich., April, 1911. 
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PSYOHOTRIA UNDATA AS A COFFEE PLANT. 

ERNST A. BESSBY. 

The seeds of Psychotria nndata, a native of Southern Florida, when 
dried and pai’ched give off the odor of roasting coffee. When ground 
and boiled in water a solution with the odor and taste of coffee resulted. 


THE HAMMOCKS AND EVERCLADES OF SOUTHERN FrX)RIDA. 

ERNST A. BESSBY. 

Hammocks are dense formations of broad-leaved evergreen trees occur- 
ring in the midst of the drv, very open pine forests. The latter are 
often semi-xerophytic in nature, while the hammocks are very moist with 
a greiit abundance of epijthytes. The plants of the hammocks are much 
more tropical in general than those of the pine woods. The hammocks 
appamitly modify their immediate environment by increasing the hu- 
midity of the air and thus favor their slow spread. 

The everglades are nearly level prairies, submerged for most of the 
year and accordingly treeless excejtt in the higher places where sub- 
mergence does n(tt ocxur or is less prolonged. The vegetation is largely 
Monocotyledonous. It is less tntpical than that of any other formation 
of Southern Florida, probably owing to the greater radiation and lack 
of protection which permits the temperature to drop quite low occasion- 
ally. 

East I^ansing, Mich., April, 1911, 
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CONDITIONS WHICH ASPECT THE BRANCHING OP ROOTS. 

LULU M. NEWLON. 

It is a well-known fact that when a root is injured at its tip, so that 
apical growth can no longer continue, its production of lateral roots is 
increased. Roots commonly produce lateral branches, however, while 
their tips are still uninjured and growing. The aerial roots of Philo- 
dendron and vanilla, and the stilt roots of Indian com, when uninjured, 
do not produce branches while growing in the air, but after entering the 
soil they branch freely. Pond, in his experiments with Ranunculus 
aquatilis, has shown that light inhibits the growth of lateral roots. 

These observations have led to some speculation concerning the condi- 
tions which affect the branching of roots in different plants. Accord- 
ingly, experiments have been carried on by the writer, under the direc- 
tion of Professor P. C. Newcombe, since October, 1910, and are still 
in progress for the purpose of determining the nature of these condi- 
tions. 

The plants which have, thus far, been used, are Elodea canadensis, 
Proserpinaca palustris. Ranunculus aquatilis, Radicula nasturtium-aquat- 
icum, Ludvigia palustris, Bryophyllum calcynum, Tradescantia zegrina, 
Zea mays and Salix nigra. Experiments have also been begun with the 
roots of Philodendron gigantcum and Vanilla planifolia, but so recently 
that nothing has yet been attained. 

The above plants were chosen for this work, some, because their roots 
were known not to branch under certain conditions, others, because 
roots could be easily obtained from them; also, these plants furnish 
examples of soil, aquatic and aerial roots. 

Prom the experiments which have thus far, been carried on it has 
been found (1) that in none of the above plants does contact act as a 
stimulus for the production of lateral roots, (2) that in all the plants 
used, except Elodea canadensis, lateral roots are freely produced in soil, 
(3) that in the aquatic and semi-aquatic plants used, (except Elodea), 
light inhibits the growth of lateral roots, (4) that in the terrestrial 
plants used, lateral branching of roots takes place with equal freedom 
in light and in darkness, when the roots are under Avater. 

University of Michigan, April 20, 1911. 
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LIGHT AS A FACTOR INDUCING PLANT SUCCESSION. 

FRANK C. GATES. 

Everyone has noticed that in the dense shade of some trees no blue- 
grass will grow. That the most potent factor involved is light is shown 


J 

Grass - 

A Ohlokweed — 

Moss 
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April 

1910. 


III 



July 

1910. 

B Ohlokweed 

Moss 




^ 

Grass 

► 



jKgm 



Sept. •. 
1910. 


Diagram ahowing tha auocesBlv relationships of the 
vegetation under a hasswood tree during the season 
of 19X0. 


by the following observations made in Graceland Cemetery, Chicago, 
from 1904 to 1910. If lack of suflScient light is the cause for the absence 
of bluegrass, then readmittance of light— other things being equal — 
ought to be followed by the reappearance of bluegrass. How short may 
be the time involved is shown in this instance under observation. 

In 1904 the ground around a large basswood tree {Tilia americana) 
was sodded clear up to the trunk. The low widely spreading limbs were, 
however, left untrimmed. They shaded the ground very densely for a 
radius of about three meters. Although the bluegrass was abundantly 
furnished with every necessity except light as time went on, the blue- 
grass began to die out around the trunk. Moss soon developed in the 
area left bare of bluegrass. At the beginning of the season of 1910 the 
moss occupied a ring about 1:6 meters in width beginning where the 
bluegrass left otf and extending to one-half to one-quarter of a meter of 
the tree trunk. There were a few other plants growing in the moss of 
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which chickweed {Stellaria media) was most abundant. The relative 
distribution of these plants is shoAvn at in the accompanying dia- 
gram. 

The spring of 1910 set in unusually early and by the end of the second 
third of April virtually all the trees had leaved out. The last third of 
April was ushered in by heavy wet snows and continued freezing 
weather. This resulted in the virtually complete defoliation of the bass- 
wood and consequent readmittanee of light to the ground below. The 
basswood did not become refoliated until late in July. Meanwhile great 
changes were taking place on the ground beneath. Within a month 
the bluegrass had roinvaded not only the moss ring but also the bare 
ground at the base of the tree. It was quite well established before 
the leaves reappeared on the basswood. The amount of moss and chick- 
weed was noticeably diminished. Their zones were quite evidently re- 
treating. This condition of distribution is shown at “B’’ on the accom- 
panying diagram. 

When the basswood regained its leaves conditions were changed again. 
The bluegrass which had regained its lost ground was again vanquished. 
This was, however, not entirely completed during the growing season 
of 1919. The bluegrass was entirely driven out from the immediate 
vicinity of the tree trunk but not entirely out of the moss ring, as is 
shown at ‘^0’’ in the diagram. 

This gives an idea of how rjipidly invasion may take place beyond a 
tension line — su<‘h the boundary between sufficient and insufficient light 
— wlien the factor which causes it is decidedly changed. It leads to the 
conclusion that when one factor is varying the time of invasion is rela- 
tively much shorter than the time of I'etreat. 

University of Michigan, April 20, 1911. 


THE ORCHID FLORA OF THE VICINITY OF BATTM CREEK. 

C. C. MC. DERM ID. 

(Names according to Gray’s New Manual.) 

1. Corallorhiza trifida. Rare. 

2. Corallorhiza maculata. Common. 

3. Cypripediurn acaule. Plentiful. 

4. Cypripediurn hirsutum. Rather common, 

5. Cypripediurn parviflorum. Rather common. 

0. Cypripediurn parviflorum var. pubescens. Rather common. 

7. Cypripediurn candidum. Rare. 

8. Habenaria bracteata. Rather common. 

9. Habenaria lacera. Common, 

10. Habenaria leucophaea. Bather rare. 

11. Habenaria ciliaris. Common. 

12. Habenaria ciliaris x H. leucophaea. Rare. 

13. Habenaria Ilookeri. Infrequent. 
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14. Habenaria dilatata. Frequent. 

15. Habenaria peychodes. Frequent. 

16. Habenaria clavaria clavellata. Frequent. 

17. Habenaria hyperborea. Infrequent. 

18. Habenaria flava. Infrequent. 

19. Orchis spectabilis. Very rare. 

20. Pogonia ophioglossodies. Common. 

21. Pogonia verticil lata. Plentiful locally. 

22. Calopogon i»ulchellus. Frequent. 

23. Arethusa bulbosa. Very rare. 

24' Liparis Loeselli. Common. 

25. Spiranthea cernua. (Joniraon. 

26. Hpiranthes gracilis. Less (‘ommon. 

27. Goodyera pubescens. Frequent. 

All the orchids in the above list I have recently found within a radius 
of one and a-half miles, northeast of Battle Creek. Twenty of them 
occur — some very rarely — in the immediate vicinity of a single lake a 
few acres in extent, a considerable marsh-rim too wet to be overrun by 
fire or to be pastured, sheltering the gi’catest number; and two species 
of Spiranthes appear at the junction of upland and marsh. The 
Larger Coral-i'oot, Larger Yellow Ijiadyslipper, il^ttlesnake Plantain and 
Hooker's Orchid occur on the wooded hillside ])ai’tly enclosing the lake 
basin. It is a veritable orchid paradise, especially to one who has the 
patience to hunt the proverbial “needle in the hay stack;” but I am 
dreading the day when ruthless “improvement’’ shall make it to the 
flower lover a barren waste. 

In addition to the above list, members of the Battle Creek Nature 
Club have also found not far from home the following: 

28. Aplectrum hyemale. 

29. Liparie liliifolia. 

30. Habenaria orbiculata. 

31. Spiranthes lucida. 

Bui I have not yet seen these myself in my limited range. 

Battle (h’eek, April 3, 1011. 
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THE OOOUREENGE OF ZYGORHYNCHUS MOELLERI IN MICHI- 
GAN. 

H. GROSSMAN. 

In the year 1886 P. Vuillemjn described a new species of Mucor to 
which he gave the name of Mucor heterogamus. He called it heterog- 
amus because unlike most of the Mucor species, the zygospore is formed 

R/atc T 



ZYGORHYNCHUS MOELLERI. DEVELOPMENT OF ZYGOSPORES. 


by the union of two so-called copulating branches, which are unlike 
both in shape and size. These copulating branches are formed in the 
following manner : At the end of the main branch, or in some cases, of 
the side branches of the fungus mycelium a cross wall was formed ; that 
portion of the end which is cut off, however, continuing to grow in length 
but remaining thin and slender. Just in back of the cross wall, a side 
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branch is formed which grows upward and arches over towards the thin 
slender branch. Tuilleinin calls this arched branch the female copu- 
lating branch. Towards it a short stump-like branch grows from the 
slender branch. The zygospore is formed from a part of the female 
branch. After the copulation a new branch grows out from the female 
branch which in turn forms new copulating branches and eventually 
zygospores. This is repeated several times until a sympodially branched 


IT 



ZYGORHYNCHVS MOELLEllI, SPORANGIA, ZYGOSPORE AND CIILAMYDOSPORE. 


zygospore cander is formed with several zygospores which are situated 
on the ends of arched branchlets. 

Dr. A. Fisher suggested that the difference in size and shape of the 
two copulating branches and the formation of the zygospores on upright 
sympodial branched zygospores carriers are characters of such import- 
ance as to justify the making of a new genus for this form. A similar 
heterogamus copulation is noticed in the genus Dichranophora as 
pointed out by Schrbter. 
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This suggestion was given further attention by P. Vuillemin who, in 
190[i, published a j)aper entitled: ‘^Importance taxinomique de Pappa- 
reil zygosi)ore des Mucorineen.” Tn this paper he gives a new classifi- 
cation of the Mueorales, laying great stress upon the maimer in which 
the zygospore is formed in the different genera and using the method 
of zygospore formation as a distinguishing character in detei*mining 
genera and even families. 

In his new classification he makes a new sub-family, namely, Zygor- 
hynchees. Under this is included Dichaiiphora and Zygorhynchus heter- 
ogamus, formerly Mucor heterogamus, and also a new species Zygor- 
hynchus Moelleri. It is especially with this last form that this paper is 
concerned. 

In 1002 Prof. A. Moeller of Eberswalde found a si)ecies of Zygor- 
hynchus very similar to Zygorhymdnis heterogamus, but which ditfered 
from it in some important characteristics, namely in the shape of the 
sporangia spores, the columella, and in the size of the zygospores, as 
well as in few miner dillerences. The fungus was repoi*ted to the Soci- 
ety of Mycology of France, and it was decided that the ditfereiices deter- 
mined by Moeller were significant enough to warrant calling the form 
which he found a new species and accordingly it was called Zygor- 
hynchus Molleri after its distinguished discoverer. 

It was while identifying the various kinds of soil fungi in soil samples 
taken in Ann Arbor that a specimen of Zygorhyinfijus Moelleri was found. 
Because of the peculiar formation of the zygospore, it immediately at- 
tracted attention and a study with regayd to its technical descri]>tion 
and dra wrings seen in the accompanying ]>lates were made. 

The fungus was grown on a culture medium of the following compo- 
sition : 


mol. \vt. 

Primar\^ potassium orthophosphate, KJI..PO 4 

K)0 

mol. \vt. 

Calcium nitrate Ca (NO.,),. 

100 

mol. wt. 

Magnesium sulphate MgS 04 

1000 

mol. wt. 

Cane sugar C,,HooO,, 

100 

Agar 2 % or gelatin 30%. 

One litre of distilled water. 

It was also grown on a very rich medium containing beef extract and 
gelatin. In both cases it formed immense numbers of zygospores with 
only a limited number of sporangia. The former medium seemed to ac- 
celerate fiTntifi(*ation and to inhibit to a certain extent the growth of 
the vegetative mycelium. This was probably due to the poor culture 
medium. At ordinary temperatures, 08® to 75® F., zygospores were 
formed in as short a i)eriod as tliree days from the time of inoculation. 
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The description of the fungus as grown on the agar medium is as 
follows: Sj)OTangioi)hores upright 1 to 1.5 mm. long and 10 microns 
broad, usually simple, or in some cases branched once and in others very 
irregularly and ])rofusely branched. Sporangia are OO-TO microns in di- 
ameter, round, deliquescent, spiny, the sporania on Ihe main axis ripen- 
ing first in Ihose cases where the sporangioydiore is branched. Columella 
smooth, of a suj)y)ressed spheroid shape, 2(S-.‘18 microns long and 23-30 
microns broad. Spores light green in color, elliptical, 3.3 microns long 
and 2 microns broad. 

Zygos])ores sometimes formed on sporangiophores, but more often on 
special ui)right symi>odial branching carriers which project above the 
siibstratnni. Tlie zygospores are round 30-00 microns in diameter and 
dark brown in color. The exospore is covered with numerous warts, and 
is almost black in color; the endospore also having warts but being light 
brown in color. 

Gemmae intercallary, usually formed on short, thin sympodially 
branching side branches; at first elliydical, but later rounding uj) some- 
what and becoming thick walled. The size varies in length from 8-13 
mic rons and in width from 13-23 microns. 

The fornmtion of the zygospore is j)roh{ibly best described by refer- 
ring to the accompanying plates. Figure I, Plate 1, shows a common 
method of branching of the mycelium just before zygospore formation. 
It will be seen that the my(*elium braiiches at its tip, one branch being a 
continuation along the axis of the mycelium while the other projects 
upward and arc’hes over toward il. The arching continues until the 
curved branch touches the other one when the walls at the point of con- 
tact are dissolved away and a coinj>lete ]>assage Avay is fonned between 
the two branches as shown in Figs. 1 and 2, Plate 1. Figure 3 shows 
the part Avhich is to become the zygosimre c\it off from the copulating 
branches. The time of this cutting oft* is very variable, taking j)lace in 
some cases Avhen the zygos])ore is extremely young and in others only 
after the zygosixue has taken on the Avarty character. Figure 7 sIioaa's 
an interesting variation in Avhich tAvo zygospores are formed from the 
same large copulating filament. Figure 7, plate 2, shoAvs a mature zygo- 
spore AAith its (*hara(*t eristic tympanum-like s})ot Avhere the larger coj>u- 
lating branch is attached to tlie zygosj)ore. Under favorable conditions 
a small round sjx)! may be seen Avhere the smaller co]mlatory branch is 
attached to the zyg(»spore. The method of the branching of the sjmram 
gioidiore is shown in Figure 1, plate 2, Avhile figure 3 shows the gemmae 
much enlarged. The characteristic shape of the spores is shoAvn in fig- 
ure 5, and figure (> shoAVS a sporangium much enlarged Avith the columel- 
la in i)la(‘e. 
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SOIL FUNGI. 

A PRELIMINARY REPORT OF FUNOI FOUND IN AGRICULTURAL SOIL.* 

H. N. GODDARD. 

INTRODUCTION. 

It is well known that a ^>Teat anionnt of work has been done in recent 
years, on the bacteria of the soil, and their importance is recognized. 
However, comiiaratively little attention has been given to soil fungi, and 
little is known of their influence on ])lant growth. 

This investigation was begun about a year ago, in the botanical labora- 
tory of the University of Michigan, under the direction of Prof. J. B. 
Pollock. The pnriioses especially in view were the following : First, to 
determine wliat species of fungi live habitually in an ordinary agricul- 
tural soil; second, to ascertain their distribution as to depth and kinds 
of soil, and third, to find what part they take in soil fertility. 

A plat of rather rich clay loam, having a liberal amount of sand, was 
chosen for investigation. Samples of this soil were taken and cultures 
made in the laboratory by the usual plating method. From these, pure 
cultures were isolated and studied. 

CULTURE MEDIUM. 

The medium selected for the platings was chosen largely with refer- 
ence to the idea of inhibiting the growth of bacteria, which would seri« 
ously interfere with the study of the fungi. For this purpose, two meth- 
ods were tried. First, a large per cent of gelatin was adde'd to the me- 
dium; and second, the medium was made strongly acid by the use of 
oxalic or lactic acid. The latter method was largely" a failure and was 
abandoned on account of the frequent liquefaction of the medium after 
addition of the acid. The first method w^as fairly successful, and was there- 
fore employed, throughout the investigation. The only difficulty in its use, 
was a tendency with Ihe salts used, to get a precipitate during the ster- 
ilization. This occurred much less by three successive sterilizations in an 
ordinary steam sterilizer, than in an autoclave. By the former method it 
was possible to get a fairly clear medium which worked well. Practi- 
cally no bacterial growth wms observed upon it. The full composition of 
this medium was as follow^s: 

Gelatin 30.0% 

Agar 2.0% 

Monupotassium phosphate- 0.2% 

Ammonium nitrate ; 0.2% 

Magnesium sulphate 0.02% 

The acidity of this medium was tested by the method in common use 
among bacteriologists, described by Dugger (1) in his recent book. This 

•Contribution No. 128 from the Botanical Department of the University of Michigan. 
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gave an avidity of 80+. according to Fuller’a (1) scale. The inhibiting 
effect on bacterial growth appeared to be due to this rather strong acid 
quality. 


METHOD OF S.\MPLES, PLATINGS AND ISOIATIONS. 

i 

The method of taking the soil samples, w^as a modification of that used 
by King, at (he Kansas Agricultural Experiment Station, in bacteriolog- 
i(*al work. The sanqder and other instruments wert‘ sterilized over an 
alcohol fiame, immediately before use each time. Ram])les of 2 c.c. each, 
were taken and transferred to sterile, cotton -stoppered test tubes, which 
were then taken to the laboratory and each treated with 18 c.c. of sterile, 
distilled water. After thorough shaking, 3 drops were transferred from 
each by means of sterilized pii)ettes, to the first of a series of three 
tubes, each containing ]() c.c. of the nutrient medium. From the first 
tube, 3 dr<»ps wer(* transferred to the second and from the second, 3 
drops to the third. TMates were then poured in the usual way. Vigorous 
growth was generally obtained in from three to four days. When indi- 
vidual mycelia wer(» distinguishable, pure cultures were isolated to cul- 
ture tubes. An agar medium, similar in composition, but without the 
gelatin, was usually em])loyed for these pure (‘ultures, since the gelatin 
medium was found to licpiefy easily, especially in warm weather. Little 
dilti(*ulty was enc<mntered in getting jmre cultures in this way. That 
the method of ]ilating was successful in keeping out all foreign spores, 
was demonstrated by a set of blanks, which was made at the time the 
other plates were pouiHMl. These were poured like the others, but were 
inoculated from sterile, distilled water. On these no fungi developed 
until many days after liberal growth had occurred on the soil inoculated 
plates, and tlien, only an occasional mycelium appeared on the very edge 
of the plate. In most (*ases, these blanks were perfectly (dear for weeks 
after their preparation. 


PUOIJLEMS or STPUY. 

As suggested in the introduction, these fungi were now investigated 
with reference to the following problems: 

1. Distribution as to depth, 

2. Distribution as to kind and treatment of soil. 

3. Structural (diameters and identiticathm. 

4. INiwer to assimilate atiimspheric nitrogen* 

It is the purpose of this paper to present a ]ireliminary report on the 
first three of these only. The fourth will be reserved wholly for a later 
publication, in whi(di the results of the entire investigation will be pre- 
sented in final form. 


DISTIUBCTION AS TO DECTII. 

The plat selected for experiment, was a piece of garden soil, whh h had 
been in use for many years for raising common vegetables, usually in 
rotation. It had been heavily manured as a rule, but during the last 
three or four seasons, this had been less fre(]uent and less abundant. No 
manure had been used the year preceding the investigation, although a 
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garden crop had been raised. The entire plat was 30x60 feet. This was 
divided into three equal squares, which were treated as follows: 

Plat I, was untilled and unfertilized. 

Plat II, tilled but unfertilized. 

Plat III, both well tilled and well fertilized with manure. 

This is graphically shown by the following chart : 


Plat 1. 

Plat II. 

Plat III. 

TTntilled and 

Tilled and 

Tilled and fertilized , 

unfertilized. 

1 unfertilizeii. 

with manure. i 


The studies of distribution according to depth, were made on all of 
these plats. Samples were taken in duplicate, and in difterenl ]Kisitions 
on each plat. Three depths were tried at first : viz., 2 cm., 8 eui. and It 
cm. The following table indicates the samples taken with the dates of 
the different series: 


Date. 


April 28... 
July 12. . . 
July 12... 
AuKust 15. . . 
October 12 . . 
October 12 
October 12 . . 



Plat. 

Xuuihcr of «ampl< 

1 Depths in 

1 cm. 


I 

2 senes iii duplicate 

i 

1 2, S, 14 


I 

2 senes in duplicate 

1 2, 8, 14 


1 II 

2 senes in duplicate 

1 2, S, 14 


III 

1 .serie.s m duplicate. 

1 4, 12 


I I 

1 senes ill duplicate. 

4, 12 


II 

1 .senes iii duplicate 

4, 12 


III 

1 .senes iii duplicate 

4. 12 


A series in duplicate, indicates a set consisting of two samples at each 
level given, the duplicates being taken at the same level as near {is pos- 
sible at the same spot, perhaps an inch or two apart. 

When mycelia had become 3-5 cm. in diameter, countings were made of 
the number in each plate, as accurately as ])ossible without special de- 
vice. A summary of a tabulation of these data is here given. 


Average number of mycelia at cat h depth. 


* 

2 cm. 

4 cm. 

1 

j Scm. 

1 2 cm . 

1 14 cm. 

i 

Plat I 

68 0 

21 .) 

! 3 

29 0 

51 3 

Plat II 

101 5 

:}2 5 

59 5 

.35 5 

50 0 

Plat HI. . . 

17 8 

1 0 , 

i 

2S 0 

20.0 

Average for three.. . 

02 3 

30 0 

55 9 

30 8 

41.4 
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It is believed that while the absolute value of these data is not perhaps 
|!:reat, nevertheless their relative values are signiftoant. The method of 
eounting was of course not perfectly accurate. Moreover, the limited 
nuiiiber of samples and Ihe difference in the times of taking them, might 
easily affect the absolute results. Still, the comparative results indicate 
strongly that fungi are quite unifoiinly distributed at different depths 
in the soil, at h»ast as low as 14 centimeters. No samples were taken 
nt a greater depth. 

The results shoAved further, that depth was not an important factor in 
the lo<*ation of particular fungi. Practically all the sj)ecies were found 
at all the dejffhs tried, and not in cons])icuously larger numbers at one 
than anolhei*. This may be illustrated by giving the data on this point 
for the two most abundant species; viz., Fiimrhuthi'epluilosporinni and 
Muvov (»spcc/c.s‘.^). 


Xanit . 

KusariHin 

Mncor 


NuihIh r ot rulture*' obtairtd at tach 
2 cm I 4 cm . S cm j 1 2 cm 1 4 cm . 



H I 

I 




2 


,s 


mSTimU'TION A('<H)UI)lN(i TO TUKATMENT OF THE SOIL. 

As setm from (he preceding chart, the thi’ee ])lats were differently 
treated as to tillage and fertilization. 11 was expected that a marked 
different ^ would be found in the flora of the differeqt plats, especially in 
TMat HI, which was heavilA manured and tlien well spaded and raked. 
However, the results did not seem to sustain such an expectation. Out 
of about sixty ]nire cultures isolated, representing eighteen different spe- 
cies, but two species w(*re found exclusively on Plat III, wliile three Avere 
found oul> on jilat 1, and three on ]dat 11. It AAOuld seem rather more 
reasonabh* to sup[)ose that these differences Avere due, rather to the 
chances (d’ sampling or isolation, than to differences in the plats. The 
results therefore, Avhile perhaps not perfectly conclusive, do point to the 
couclnsiou, that there is a rather constant and characteristic fungous 
flora in the soil, regardless of the treatment as to tillage or feililization. 
It should be noted in this connection, that the samples from the manured 
plat Avere not taken until about three months after the manure Avas ap- 
plied. Any fungi therefore, which might liave been introduced Avith 
the manure, may have begun to grow, and finding conditions unfavor- 
able, may have died out. However, it is recognized that the results are 
open to the criticism, that comparutiAely foAV samples Avere taken, and 
also that only relatively feAv of the fungi actually in the saiiqiles, '".ore 
isolated. While this is true, nevertheless, 1 belieAT* that feAv of the 
species actually present, Avere missed in the isolations. 

The idea of a fairly characteristic fungous soil flora is emphatically 
confirmed by the results of Mr. Grossman, Avho working in the siime 
laboratory, Avith a Aery different soil, found eight of the species here 
giATui, out of a total of about twelve isolated. His isolations AA’ere made 
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from a verj fine, pure clay, on wliich plants grow poorly, located about 
a mile from the plat used in this investigation. It mav be added 
further, that five species in the list here given, are the same as those 
I’eported by Oudemans and Koning (4) in 1901, found in a forest soil 
near Amsterdam, Holland. 

NAMES ANO STRTTCTURAI^ CHARACTERS. 

The following is the complete list of fungi found, so far as they have 
been identified at the present time. The list is not believed to contain all 
the species j^resent in the soil studied. Probably many others could be 
isolated by further study. 


PHYCOMYCETES. 


Mucor (species?) 


II YITIO M YOETES. 

*Myceliophthora (species?) Cost. 

Coccospora (species?) Wallr. 

*Fusarium Cephalos])orium (species?) Link-Corcla. 

**Acrostalagmus cinnabariiius (,V)rda. 

^Pachybasium hematiim (Bonord). 

** Aspergillus calyptratus (hidem. 

**Aspergilhis nidulans Eidam. 

**Aspergillus glancns Link. 

^Penicilliiim glaucum Link. 

^Penicillium bicolor Fries. 

*Penicillium candidnm Link. 

**Penicillium humicola Ondeni. 

^Hormodendron (‘ladosj)orioides Fres. 

**^^tysanus stemoniles (P.) Corda. 

Two or three forms are still unidentified. Those starred once, are 
species found also by Mr. Orossmaii in a clay soil in Ann Arbor. The 
ones starred twice, were also found by Oudemans and Koning in forest 
soil near Amsterdam. I shall not attempt in this paper to present draw- 
ings and descri])tions of these forms. These will appear in the complete 
publication. 

A few general comments onlj" ai*e offered at this time. By far the 
most abundant form found, was the Fnsariumy which showed a charac- 
teristic pinkish white mycelium and sickle shaped spores, borne on short 
side branches. These simple fimctifications were found to develop later 
into a Cephalosporin m stage, which showed globular heads of spores, 
inclosed in greater or less quantities of slime. This transition was quite 
distinct, and seems to confirm entirely the. idea of a Ccphalosporitim 
stage of Fusarimn, 

Moreover, this Fusarinm is believed to be the cause of a fatal wilt 
disease, which was found affecting many garden flower plants, growing 
near the experimental plat. This belief is based on the following evi- 
dence: Stems of the wilted plants were sterilized on the •outside by being 
placed for one or two minutes in a .1% solution of bichloride of mer- 
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cury. Then certain of these were placed in a damp chamber, where a 
Fusariiim, having the specific characters of those from the experimental 
plat, was developed within a couple of days, and isolated in a pure cul- 
ture. No other fungi ap{>eared. Transvei’se sections of affected stems 
were now taken and submitted to microscopic examination, which showed 
a compact network of hyphae filling, many of the vessels of the vascular 
bundles. It remains to demonstrate this cause of the disease, by making 
proper inoculations of healthy plants with suitable controls. I hope to 
take up this furthe.r work sometime in the near future. 

The next most abundant fungus was a species of Mucor, indicated as, 
— Mucor (species.*). It has characteristic sporangia, but it is remark- 
able and somewhat difficult to identify, on account of the wide varia- 
bility of its sporangiophores. In some situations, these form sympodi- 
ally in very characteristic manner, while in other cases, I’acemose clus- 
ters of the monopodial kind are predominant. It was certainly demon- 
strated that there was frequently a transition from the one type to the 
other. This came about by the elongation of ceiiihin racemose side 
branches, which as they elongated, began to branch syrapodially. The 
spores were decidedly oval. This with the sympodial character of the 
sporaugiophore, seems to identify the species as ^'^anibigmis.” However, 
the racemose, monopodial development would, of course, throw it into an 
entirely diffei’ent group. This wide variability might suggest the need 
of a new basis of classification for the whole group, or possibly, that 
this is a transitional form which shows extreme variations, allying it 
with both groups. 


SUMMABV. 

This investigation thus far, seems to justify the following generaliza- 
tion of results: 

1. An abundant fungous flora exists habitually in the soil, and the 
forms which make up this flora, carry out at least a part of their work 
and respective life histories in this habitat. 

2. This flora is to a conspicuous degree, constant in different soils, 
and also, rather uniformly distributed at all depths, at least as low as 
14 centimeters. The species found belong mostly to the Hyphomycetes, 
or Imperfects; but include also a few of the Mucoraceae, among the 
Phycomycetes. 

3. Tillage and manuring, so far as observations have been extended, 
seem to produce little change in the number and kind of species present. 
This statement is based on a study of samples taken from a manui’ed 
plat, three months after the manure was applied, so that the fertilizer 
had become w’ell decayed and mixed with the soil. 

4. Many of these fungi show striking variability in their structural 
characters, when cultivated on media of constant composition. 

6. One form which shows the structural characters of both Fusarium 
and Cephalosporium , is the probable cause of a destructive wilt disease 
which attacks sevei’al species of garden flow'ers. including Aster, Surest- 
pea, Zinnia, and Salem splendens. 
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TJNRErOKTEI) MICHIGAN FUNGI FOR 1910, WITH OUTLINE 
KEYS OF THE (^OLMMON GENERA OF BASIDIO- 
3IYCETES AND ABCOMYCETES.* 

(\ H. KAUFFMAN. 

Th(* Held study of fungi during the past season was largely 

limited by tlie severe drought during July and August. Collections were 
made at Ann Arbor in tlie spring and during October and November. 
The mouth of {^"eidember was spent at New Richmond, a village on the 
Kalamazoo River, south of Holland. Copious rains during this month 
made it ])ossible to get (juite a fair idea of the fall fungous flora of the 
lower Kalamazoo River, in a region once covered by magnificent white 
]>ine foresis. Here one could ])ass readily from the sandy plains to clay 
ravines, or fr<au the elm swam]) to cedar and tamarack swamps, and 
th(*s<‘ variations in soil and forest tmikes this region a veritable paradise 
for the m\cologisl. Hemlock and beech abound and the marks of a 
Northern flora are in evidence. 

This ])aj)er is again com])osed of two ]>arts: First, a list of hitherto 
uiire])orted s])eci(\s along with some additional notes on species of Rus- 
sulas; second, outline keys to the common genera of Basidiomycetes and 
Ascomycetes. These were ])re])are<l for use in my classes, and have been 
tested to that extent. There are no doubt various shortcomings, yet 
they s(H‘m(Ml vejy useful, and it was suggested that T put them into some 
available form. The jKflyporaceae keys have been taken as far as the 
s}M‘cie.s with special regai-fl for their usefulness in the field. It is hoped 
that ihe\ will bt* useful to those students who do not yet have ac(*ess lo 
the larger works. 


T. T NREPORTED SPECIES. 


Hvh f Uui vnr 


V.SCO:UYCETES. 


Gvroinitra brumiea rnderwood. On the ground, low woods of maple 
and oak. AVasht. Co., April 28, fide 0. H. K. 

G\roiuitra gigas (Kromb.) Cke. var. One s])(H*iinen of a large Gyro- 
mi tra was found on May 5, in low wet elm woods near Ann Arbor, 
which has some alieiTant characters. The deserii)tion follows: 
Hymenoi)hore 20 cm. broad, 15 cm. high, coarsely and densely 
lobed in irregular pleats and folds, more or less attached to stem 
below, rtifous-cinnainfm inclining to nmhcn Stem 8 cm. long, 
S cm. broad, covered with a snow-white pruinosity, somewhat 
gmoved to lacunose, solid, or slightly cavernous with small cavi- 
ties. Asci about 400 micr. long, 18 micr. broad, S-spore<l, uni- 
seriate. Paraphysis septate, filled with brown granules, tapering 


♦Couiiiljutioii So, 127 from the Potanloal Department of the University of Michigan. 
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from apex, branched, slender, 6 micr. thick above. Spores 30>33x 
13-16 micr., elliptical, not fusiform, hyaline, rough-tuherculate, 
ends warty. This seems to differ in essential points from G. es- 
culenta, G. gigas and G. suspeeta. The spores are rough, and con- 
tain a large central oil-globule and a minute globule at each end. 
The fresh specimen weighed two and two-fifths pounds. 

Pezizaceae. 

Plicaria fimeti (Fuokl.) Kehiii. (syn. Humaria fimeti Fiukl.) On 
cow dung. Washt. Co., April 6, fide €. H. K. 

Acetabula vulgaris Fuckl. On the ground, low grassy places. Washt. 
("o., June 1. Allegan Co., Sept., fide C. H. K. 

Humaria humosa (Fr.) Cke. On mud and mosses. Washt. Co., June 
6, fide C. H. K. 

Humaria applanata (Hedw.) Kehm. (Syn. Peziza applanata.) On 
moist clay soil. Allegan Co., Sept. 24. fide C. H. K. 

Neotiella polytrichi (Schum.) Mlass. (Syn. Barlaea polytrichi 
Schum.) On moss. Polytrichum sp. Washt. C-o., fide Durand. 

Ascoholaceae, 

Ascobolus glaber Fr. On cow dung, Steere's swainp. Washtenaw Co., 
fide C. H. K. 

Helotiaceae. 

Chlorosplenium chlora Schw. (Syn. Chlorosplenium Schweinitzii Fr.) 
Decaying wood. Washtenaw Co., Sept., fide C. H. K. 

Coryne atrovirens (Pfers.) Sacc. On decaving wood, Allegan Co., 
Sept. 25, fide C. H. K. 

Phialea vulgaris (Pers.) Rehm. On fallen twigs of Salix apiygda- 
loides. Washtenaw Co., Nov. 12, fide C. H. K. 

Mollisiaceae. 

TajHisia sanguinea (Pers.) Rehm. On decaving wood. Washtenaw 
Co., Nov. 12, fide C. H. K. 

Eutuhcraceae, 

Tuber Rorschii Vitt. On sandy hillsides of maple, oak, hemlock, 
bordering a cedar swamp. Allegan Co., Sept. 15. Fide C. H. K. ; 
leg. Mrs. C. H. Kauffman. 

Hypocreaceae. 

Oordyceps superficialis Pk. (Not C. acicularis Rav. of the North 
American Flora.) Description as follows: Stromata gregarious, 
brownish-yellow to reddish-yellow, elongate, slender, often flexu- 
ous, furfuraceous, 3-5 cm. high, 1 mm. thick, the cylindrical stalks 
arising often from a net work of strands, fertile heads hardly 
thicker than the stalk, except from the thickness due to the sub- 
superficial perithecia, acuminate and sterile at apex for 2-4 mm. ; 

. perithecia nearly superficial, loosely aggregate, oval,, I'eddish-flesh- 
color, 65-70 micr. long; asci cylindrical, narrowed below, or 
slightly narrower at both ends, , 150-175 micr. long, 5-6 micr. 
thick. Spores filiform, hyaline, at length many-celled, 1 micr. 
thick. 

The sterile, acuminate-pointed B^yex, superficial, reddish, small per- 
ithecia, and gi*egarious, subcaespitose stromata^ separate this 
from O. acicularis and C. stylophora. Growing on larvae, among 
rotting debris of woods. Near South Haven. July, fide O. H. K. 
leg. Mrs. O. H. Kauffman. 
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Hjpooreu (itrina fPers.) Pr. Tncrusting moss and decaying stump 
in patches 24 inches in diameter. Allegan Co.» Sept. 1, fide 


C. H. K. 


BASiniOMYCBTES. 

Hypoohnaceac, 

Hypochnus Canadensis Burt sp. nov. ined. Whitmore Lake, Wash- 
tenaw Co., Nov. 2, fide Burt. 

Dacryom ycetaceae, 

Dacryomyces deliquescens (Bull.l Dub. On limbs of trees and de 
caying wood. Frequent. Fide C. TI. K. 

Tremellaceae, 

Tremella reticulata (Berk.) Parlow. On the ground, among grass in 
woods. Washt. Co., Nov. 12, fide C. H. K. 

Vlavariaeeae. 

Clavaria falcata Fr. Grassy places. Van Buren Co., July 5, fide 
C. H. K. 

Clavaria exigua Pk. On the ground under Hemlock trees. Allegan 
Co., Sept. 18, fide C. H. K. 

ThelepJwraceac. 

Coniophora puteana B. & C. On decayed flooring of an old house, 
city of Ann Arbor. Sept. 3, fide Burt. 

Coniophora subochracea Pk. On decaying Fomes, on a Tamarack log. 
Horse-shoe lake, Washt. Co., Nov. 13, fide Burt. 

Corticium Berkeleyi Cke. On rotten tvood. Whitmore Lake, Washt. 
Co., Nov. 9, fide Burt. 

Corticium bombycinum (Huminerf.) Fr. On moss and bark of Popu- 
lus tremuloidea. Chelsea, Mich., Nov., fide Burt. 

Corticium cremicolor B. & C. On dead limbs of domestic Cherry. 
Washt. Co., Nov., fide Burt. 

Corticium polyparoideum B. & C. On rotten wood, Washtenaw Co., 
Nov., fide Burt. 

Corticium vellerium Ell, & Craig. On Elm and Tamarack trunks. 
Horse-shoe Lake, Washt. Co., Nov. 13, fide Burt. 

HymeiKM^haefe cinnamomea Fr. On dead wood of Coi*vlu.s. Washt. 
Co., Nov. 10, fide C. H. K. 

Peniophora sera (Pers.) Burt. On verv rotten wood. Washt. Co., 
Nov. 12, fide C. H. K. 

Stereurn fasciatum Schw. On oak limbs. Washt. Co., Oct. 19, fide 
L^oyd. 

Stereum radiatum Pk. Horse-shoe lAxke, Washt. (^o. On Tamarack 
logs, Nov. 13, fide C. H. K. 

Stei'eum raineale Schw. Washt. Co., fide Lloyd. 

Polyporaceae. 

Pavolus striatus E. & E. On decaving limbs. Waslit. Co., June 6, 
fide O. H. K. 

Merulius subaurantiacus Pk. On bark of a Tamarack log. Horse- 
shoe Lake, Washt. Co., Nov. 13, fide Burt. 

Polyporus albellus Pk. On Elm log. Washt. Co., Nov. 10, fide Lloyd. 

Polyporus lacteus Pr. On Oak limbs. Washt. Co., Nov. 12, fide C. H. 
K. 
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Poria ])iil< liella Sclnv. Ilorse-slioe Lake, Washt. Co. i)i\ Oak rails, 
Me Ll(»yd. 

Trametes protraeta Fr. (Svn. T. vialis. T^., T. trabea Bres. ) On de- 
eaviiif^ PopiihiH treninloides. Chelsea, Nov. 10, fide Tdoyd. 

Hijmciiogafitrarvar, 

Gaiitiera niorehelliformis Vitt. Wooded hillsides. Cascade Glen, 
Ann Arbor. Oct., fide 0. H. K. 

Jjycoperdafcar. 

Geaster rnfescens Fr. Washt. Co., fide C. IT. K. 

Agaricaccav. 

Amanita rnssnloides Pk. Abundant on sandy irronnd coveiuHl by 
scrub Oak. Allegan Co., Sept., fide C. IT. K. 

Amanita sj>reta Pk. Sandy ground under trees. Allegan Co., Sept., 
fide C. II. Iv. 

Ibdbitins vitellinns Fr. On dung in elm swamp. Washt. Co., dune, 
fide C. 11. Iv. 

Clitooybe monadelpha ^Nlorg. (Not C. tabescens of Bres. > Ground, 
T'iiie and Beech woods. Allegan Co., Sey)t. 24, fide C. TT. K. 

Clitocvbe peltigeiina Pk. On a lichen, Peltigera. Washt. Co.. A])r. 
o.' tide (\ 11. K. 

Clitocvbe ]Mno]>hila Pk. On a bed of White Pine net^lh^s. Allegan 
Co., Sept. 2.1, fide (\ H. K. 

Clitopihrs snbi>lanus Pk. On the ground, mixed v’oods. Allegan Co.. 
Sept., fide (\ 11. K. 

Collvbia fnsipes (Bull.) Fr. On the ground, frondose woods. \\'asht. 
Vo., :May 25, tide C. 11. K. 

Collvbia succinea Fr. On Ihe ground, hemlock and beech woods. 
Allegan (V)., Sefd. 22, fide C. H. K. 

CV)])riiins (‘bnlbosns I’k. On the ground among dcH'ayiug l(»gs. Washt. 
th)., dune 1, fide (\ II. K. 

Cortinarins Calskillensis. Pk. Hillside, edge of Cedar s\\aiuj>. Alle- 
gan Co., Se])(.. fide C. 11. K. 

Cortinarins jnbarimis Fr. On very rotten conifer log Allegan t'o.. 
Sept, fi, fide C. II. K. 

Cortinarins lortuosus Fr. On the ground, mixed hemlock ravines. 
Alh‘gau Co., Sc])<., fide H. Iv. 

t/repidotns dorsalis Pk. Oti rotten stuni]). Allegan Co., S(q>(. fi, fide 
C. H. K. 

Crepidolus ])utrig'enus B, & C. On decaying S\camore stumj). Van 
Bnren duly IS, fide O II. K. 

Deconica atrornfa (Schaeff.) Fr. Ground in low woods. Washt. 
Co., dune 5, fide C. H. K. 

Kntoloina dyslale Pk. On the ground, in a ravine of Hemlock, etc. 
Allegan Co.. Sept. 11, fide C. II. K. 

Entolonui lividum (Bull.) Fr. On the ground, woods of White Pine 
and Bee< h. Allegan Co,, Sept., fide C. IT. K. 

Eiitoloma rhodopoliiim Fr. Ground in mixed hemlock and maple 
woods. Allegan Co., Sept. 12, fide O. H. K. 

Entrdoma suave I^k. var. On saiydy ground, edge of a marsh. Hol- 
land. Ottawa Co., Aug. Id. 

Our si»eciinens differ from Peck’s description in the pileus 
which is liygrophanous and not umbilicate. Mr. ^Morris, who 
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first found it and from whose s]>eriiuens it was described, writes 
me tlial it is likely that the idanls were hTp;rophanous. Our 
specimens had non-angjular spores like those of the type, scattered 
ventrieose and obtuse cystidia about (10x20 microns, gills with a 
fimbriate edge and pileus somewhat oruinose. Tt may turn out, 
however, to be a distinct species. Unfortunately the specimens 
were lost. 

Hebcloina magnimamma Pk. Oround in (‘edar swamp. Allegan Co., 
8ept. 12, fide O. H. K. 

Hebeloina mesopliaeum Fr. Ground under hemlo(‘k trees. Allegan 
(3o., Hept, IS, fide 11. K. 

ITebeloma sarcophyJlnm Pk. lle]H)rted in Sth Keport as M, albuut Pk, 

Heliomyces nigripes (Schw). Morg. Ground in mixed woods of pine 
and be(‘ch. Allegan (^o.. Sept., fide ('. IT. K. (?tyn. Marasmius 
nigripes). 

Tnocybe griseoscrabrosus Pk. On the ground, mixed woods. Allegan 
(Jo., 8e])t. 28, fide (\ H. K. 

Inocvbe i)erbrevis (WeiniO Karst. On the ground, woods. Allegan 
'(\)., Aug. 28, fide C. IT. K. 

Tnoevbe ])roxiniella Karst. On the ground, woods. \'an Pureii Co., 
duly 1(1, fide C. IT. Tv. 

Laet arias glvciosma Fr. On mossv log in swamp. Allegan Co., Se])t. 
2:1, fide*(\ H. IC. 

I..actarius paludinellus Pk. Wet ground, hemlock and maple Avoods. 
Allegan t\).. Sept. 8, fide C. IT. Iv. 

Laetarins parvus l^k. IjOW, Avet pUues. cedar and hemlock SAvam])S. 
Allegan Co., Sept., fide C. IT, K. 

Tx»pi()(a adiiaiifolia J*k. On forest debris, mixed woods, Alh^gan Co., 
Sept., fide C. If. K. 

Marasmius albipes Pk. Among fallen AAhile ]»ine needles. Allegan 
(\k, Sept. 24, fide (\ IT. 1C. 

Marasmius hi form is Pk. AVet ])laces, tamarack swamp. Allegan Co., 
Sept., fide (J. 11. K. 

Marasmius deledans Morg. On the ground in clay ravines of hem- 
lock and beech. Allegan ('o.. Sept. IS, fide C. Ti. Tv. 

Marasmius felix Alorg. Among fallen leaves. Washt. Co., Ocl. 11, 
tide* (J. TT. Tv. 

Alarasmins subiindus (Kll.) l^k. On the ground, mixed Avoods of ])ine 
ami beech. Allegan Co., Sept. 2:J*, fidt» C. H. Iv. 

JMycena denticnlata l^k. On rotten AA'ood. AVashl. (h)., June 4, tide 
V, H. K. 

Mycena dissiliens Fr. On decaying log in Inunlock and beech Avoods. 
Allegan ("o., Aug. 2i), fide (\ H. K. 

Mycena jmlygramma var. albidiis Fr, A large. Avell-marked foi*m, if 
not a distinct species. On logs in froinhise Avoods of Kim, Pass- 
wood, etc. June, fide C. IT. K. 

Mvceiui setosa (Soav.) Fr. On pine needles, etc. Allegan Co.. Sept. 
24, fide C. H. Iv. 

Mycena vitilis Fr. On the ground, cedar swamp. Allegan Co., Sept. 
12, fide C. H. K. 

Kolanca fuscogrisella I’k. On the ground in open copses. Oakland 
Co., Oct. 2(5, fide O. H. K. 
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Nolanea nodospora Atk. Low ground, mixed woods. Allegan Co.. 
Sept., fide C. H. K. 

Omphalia ouisca. Fr. Ground of clay ravines under hemlock, etc. 

Allegan Co., Sept. 25, fide C. H. K. - 
Pholiota curvipoda A. & S. On elm log. Washt. Co., June 6, fide 
0. H. K. 

Pleurotus candidissimus B. & C. On wood. Allegan Co., Sept. 10, 
fide C. H. K. 

Psathyrella crenata Fr. On grassy ground. Allegan Co., Sept. 22, 
fide C. H. K. 

Psilocybe murcida Fr. Low, wet places in woods, among grass, etc. 

Washt. and Allegan Co.. June-Se]>t., fide C. H. K. 

Stropharia epimyces (Pk.) Atk. Parasitic on Coprinus atramentarius 
and C. comatus. Port Huron, St. Clair Co, fide C. H. K. 
Stropharia melasperma (Bull.) Fr. In pastured woods of white pine, 
beech, etc., on the ground. Allegan Co., Sept. 22, fide C. H. K. 
Tricholoma panoeolum Fr. var. caespitosum Bres. On the ground in 
woods. Washt. Co., etc., fide Atk. A very confusing species, and 
easily taken for a Clitocybe; its spores are slightly flesh tinted. 
Tubaria canescens Pk. Grassy places in woods. Allegan Co., Sept. 
26, fide C. H. K. 


ADDITIONAL NOTES ON THE GENUS RUSSULA. 

KrssrLA uexsib^olia Seer. 

A fine and typical specimen of this species was found in October at 
Ann Arbor, among grass in an oak woodlot. The flesh was whitish to 
gi’ayish slowly changing to dull red when bruised, then becoming black. 
The gills were crowded even after the pileus was fully mature, relatively 
narrow. The i)ileus was up to 12 cm. broad, viscid, buff-colored, clouded 
with pale smoky brown when fresh. Taste tardily acrid, at length quite 
strong. Odor none. I am convinced that this species is quite distinct 
as Russulas go. Its taste separates it from R, adusta, its lack of odor 
from R. compacta and its gills and red stains from R. nigricans. The 
spores are spherical, tuberculate, 8-9 inicr. diam., short apiculate, white 
in mass. 


Russula brevipes Pk. 

This seems to be merely an ecological variety of R, deliea. Many 
specimens were found at New Richmond in a white pine and oak wood- 
lot, pushing thru the hard, clay soil. It is smaller and the gills are 
close, but in every other respect it showed all the characters of R, deliea. 
Conditions of weather and soil are no doubt responsible for this form. 
The typical R, deliea delights to grow in sandy soil. 

Russula decolobans Fr. Var. rubbiceps Var. Nov. 

The shape of the young and old pileus is well represented in Cookers 
figure of R, decolorans, Plate 1079. The color of the pileus is, however, 
ruber-red (Sacc. colors) and persistent, changing only in age or on dry- 
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ing as a result of the cinerescent flesh. The pellicle is adnate, scai’cely 
separable except on the margin, vanishing on the disk and sometimes 
ochraceus-spofted whei’e the pellicle has disappeared. It is firm and 
the margin is not striate or very slightly so in age. These characters 
ally it to the Rigidae. It is slightly viscid. Flesh is firm, white, tinged 
ashy in age, becoming dark cinereous on the stem where biniised. The 
taste is mild and when fresh was taken for R. Icpidu. Spores creamy- 
white in mass. It is smaller, apparently, at least in our sx)ecimens, 
than the type. It is ijossible that it is a var. of 7?. depallens Fr.^ but 
that species is not well understood even in Europe. 

On the ground in beech and white pine woods. New Richmond, Alle- 
gan Co., Sei)t. Apparently rare. 

The scarlet or vejmillion pileus, cinerescent fiesli, mild taste, creamy- 
white spores and firm consistancy are tlie distinguishing marks. The 
margin of the pileus is straight at first and the gills are broadest in 
front. 


RrssriiA ATRorrurraKA Kromb. (non Fk. | sense of Maire. 

PiLKiTs 5-12 cm. broad, medium to large size, convex then plaice, soon 
depressed, rather firm, viscid, pellicle adnate and scarcely separable on 
the margin only, scaidet to dark crim.son when fresh and young, hcvom- 

i) i(j darlcvr to purptinh irhai mature or on dri/iuff, pruiuosc, disk often 
darker sometimes livid olivacens-jmrple, sometimes yellow-spotted, mar- 
gin even or only slightly sti'iatulate in age. Flesh dark red under the 

j) ellicle, white elsewhere, not changing to ashy. Gills white^ dingy in 
age, rather narrow, (dose behind, subdistanl in front, aduexed, few short, 
interspaces venose. Stem 4.7 cm. long, J-2 cm. thi(*k, sube(iual, medium 
stout, white with a dull lustre, ])ruinose, even. s})ongy-stuffed, apex floc- 
(^ose-j)unctuate. Spores while in mass, oval, K-10 micr. diam., strongly 
echinulate, nuch^ate, a])iculus long and stout. Taste acrid. Odor none. 

Fre<juent in pine and beech woods. >sew Richmond, Allegan Co., 
Sept. Distinguished among the “ruber” group by the mode of color 
change while maturing, the white gills, spores ami stem, and the acrid 
taste. It belongs to the Rigidae. In wet weather the cap is viscid, on 
drying its surface is distinctly pniinose. Except for the colors of the 
pileus it agi\»es with R, ruber Fr, in sense of Pk. It differs from R. 
Quetetii which is a very variable sj»ecies according to European myco- 
logists, in its larger size and the lack of the deej) violet color on pileus 
and stem, JMaire refers the figures of Cooke's plates 1025 and 1087 of 
R. rubra to JL atropurpurea Kromb., and these figures illustrate our 
plants fairly well except for the color changes. 

Russula barlae. (iuel. 

Pileus 4-8 cm. broad, thin, medium size, ovate at first with straight 
margin, then convex-]>lane or depressed, very viscid, fragile, pu'.c rosg- 
flrsJhcolor tinged icith yellow, sometimes ])each-color, sometimes dull 
citron-yellow, varying in color from young to old, pellicle continuous 
and entirely separable, margin becoming strongly tuberculatestriate. 
Flesh thin, white, not changing color, soft. Gill>s bright ochraeeous- 
yellmv (flavus, Saec.), white at first, rather narrow, broadest in front, 
natTow and adnexed behind, suMistant at maturity, dusted by the 
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ispores. Bteu 4-8 cm. long, 1-2 era. thick, suhequnl to ventrioose, soft 
niid fragile, loosely stuffed then cavernous, (but not from grubs), while, 
rarely tinged with delicate pink, slightly wrinkled, subglabrous. Spohes 
subglobose, 7-h inicr. echinulate. nucleate, bright oehre-yellow in mass. 
Taste inlhL Odor none. 

Solilary or scattered. Tn mixed woods of hemlock and beech, among 
beds of white pine needles a1 New Richmond; among grass, etc., in oak 
woods at Ann Arbor, Sept .-Oct. Frequent. 

This very fragile Russula is known from the other members of the 
^‘Fragiles'^ group, by its medium size, bright-yellow-oehra(*eu« spores and 
gills, the hollow, often subventricose stem, the mild taste and the pink- 
ish-yellow to peach-colored pileus. The stem is sometimes enlarged at 
apex, sometimes at bUvse, always fragile. Very few of our Russulas have 
such bright-colored s])ores and gills. The color of the cap varies rather 
rarely to a dee])ei* red on the one hand or to ochraceus tan and slraw- 
eolor on the other. The tlesli does not <*hange on bruising, and the odor 
is not noticeable even in age. Jt is very different from Integra Fr. 
Quelet, its author, i»la<‘es it under the “Fragiles," while Massee refers 
it to U, rescfi as a variety. The oni\ excuse for this seems to be that 
ijuelet's })lant is said to have a “lumr* stem. In this respect our ])lant 
ditfers but il is so close otherwise that it has been referred to it. It 
approaches F, nitida and is no doubt the ])lant usually referred to that 
species in this country. It differs from that species, however, in the 
lack of the nauseous, disagreeable odor, whi(*h Rresadola and others 
find to be constant, as well as its average larger size. 


II. OUTLINE OP THE BASIDIOMYCETES AND ASCOMYCETES. 

I. Mvceliuin non-septat<*. li. e. without cross walls.) Jda/aonn/eeies 

^ (A.) 


1. 3Jycelium se]»tale. ( i. e. com])osed of many cells.) II. 

II. Spores usually on a differentiated hymenium III. 


II. Spores not on a ditferentiateil hymenium, not in asci nor on 
basidia finperfert Fungi. (Not included in keys.) 


III. Spores borne on basidia, usually 4 Basidioingcetc^s. (B.) 

111. Spores borne in asci, usually S [fieourgcetcfi. (C.) 


( n.) IlASimOMYCETES. 

•(a) Basidia not formed on a hymenium, but on short hyphae arising 
from resting-s])ores. Smuts and rusts, (Not imduded in the 
keys.) 

<a) Basidia formed on a hymenium (b) 

(b) Hymenium not on a special fruit-body, but developed directly from 
the hyphae which are hidden in the substratum. 

E.vobasidii. (Not included in keys.) 

(b) Ilynienium developed on a special fruit-body ' (c) 

{c) Hymenium exposed on the surface of the fruit-body. 

Hymenomycetes. (d) 

(c) Hymenium concealed within the fruit-body till spores are mature. 

(See 10th Report Mich. Acad, of Sci. p. 63). Oastcromycetes. 
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(d) Basidia forked or divided by walls into 4 cells in various ways; 
plants usually gelatinous, horny when dry Tremellales. 

(Not included in the keys.) 
(d) Basidia clavate or subcylindrical, non septale.. U.) 

AGARICALES. 

(1) Hymenophore* not differentiated, basidia scattered on a loose layer 

of hyphae. (Not included, seldom found) Hypochnaceae. 

(1) Hymenopliore in form of gills, mostly fleshy plants. 

Agaricaceae, (e) 

(1) Hymenopliore in the form of erect branches or on an erect single 

club Cla rarUfceae. (t) 

(1) Hymenopliore in form of wrinkles, warts, spines or tooth-like 
plates which form on one surface of the fruit-body ; corky, woody, 

leathery or fleshy Hydnaccae. (g) 

(1) Hymenopliore in the form of jiores or reticulations on the lower 
side of the fruit body; woody, leathery, corky or fleshy. 

Pohfporaceae. (h) 

Hymenophore even, its surface not differentiated like the preced- 
ing; mostly leathery, tough or woody, sometimes waxy-fleshy. 

Thelcphoraixve. (k) 

(Agaricaceae,) 


(ej Spores mostly white (5) 

(e) Spores ochre to cinnamon or rust-colored (21) 

(e) Spores flesh-color to roseate or salmon-color (26) 

(e) Spores purple-brown in mass (30) 

(e) Spores black in mass (33) 

WHITE-SPOREI) AGARICS. 

5. Gills of waxy consistency: HygropJiorus, 

5. Gills not truly waxy: (6) 

6. riants soft and fleshy, decaying: (7) 

6. PJants toughish, corky, or woody; thin plants shrivel on drying, 

but revive when moistened (18) 

7. Gills thick, narroAv and forked dichotomously. Cantherellus. 

7. Gills thinner (8) 

8. Trama of pileus of both globular and filamentous cells (9) 

8. Trama filamentous thruout when young (10) 

9. With milky juice: LaNrrius, 

9. Not with milky juice: R/iiS8ula. 

10. Stem eccentric, lateral or wanting: Pleurotns. 

10. Stem central: (11) 


* The term “hymenopliore” is used to designate that portion of the fni (-’ ody \\hcli bear«? the 
hymeiiium directly, e. g. gills, pores, spines, etc. 



224 


THIRTEENTH REPORT, 


11. Gillft free: (12) 

11. Gills adnexed, adnate or decurrent (13) 

12. Vulva and annulus present: Amanita. 

12. Volvu only present: AmanitopsU. 

12. Annulus only present: Lepiota. 

13. With annulus only: Armillaria. 

13. Neither annulus nor volva present (14) 

14. Stem deshy or dbrous, sometimes outer rind subcartilaginous : (15) 

1*4. Stem cartilaginous, mostly thruout (16) 

15. Gills decurrent or broadly adnate, not sinuate at stem: CUtoa/he. 

15. Gills sinuate or emarginate at stem, often slightly so ; mostly large 

plants; on ground: Tricholoina. 

16. Gills decurrent, pilens umbilicate: OmphaJia. 

16. Gills not decurrent: 117) 

17. Plants small; pileus (ending to remain unexpanded, bellshaped: 

Mt/cena. 

17. Plants medium to large; pileus usually expanded when mature; 

somewhat fleshy: Volhjhia. 

18. Plants usually small, toughish, thin, not woody: Mara.Hmius. 

18. Plants usually larger, stem usually stout, central, eccentri<*, lateral 

or lacking I PM 

10. T’laiit woody or corky: Lcnzites, 

10. Plant fleshy-leathery (20) 

20. Edge of gills serrate: Lentiinis. 

20. Edge of gills entire: Panus. 


20. Edge of gills splil lengthwise, stem lateral or wanting. 

^cMzopliyllum. 


OCIERE-SPORED AGARICS. 

21. Veil cobweb-like (cortina) ; gills at length dark cinnamon or rusty 
fiTOu the s])ores: Corfinarhis. 

21. Veil not cobwebby; sometimes a slight cortina, but gills paler. (22) 

22. Annulus present; veil which forms it is membranous, fibrous or 

cottony (not cobwebby). PhoUota. 

22. Volva and annulus lacking: (23) 

23. 8>tem lateral or wanting: CrepidotuB. 

23. Stem central *, (24) 

24. Gills jiale colored, sinuate at stem; stem fleshy or fibrous : Heleloma. 

24. Gills rusty or yellow, adnate or decurrent ; stem fleshy : Flammula, 
24. t§tem cartilaginous: .* (25) 
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25. Pileus bell-shaped or conical; stem slender: Oalera. 

25. Pileus convex or plane; stem shorter and thicker: Naucoria, 

PlMv-SPORED AGARICS. 

20. Slciii lateral or lacking: Glandopm. 

20. Stem centi’al : - (27) 

27. Volva present only : Volmria, 

27. Volva and annulus lacking: (28) 

28. Gills free: Plufctts. 

28. Gills adnexed, adnate or decurrent (29) 

29. Gills sinuate; stem fleshy; plants rather large: Entoloma, 

29. Gills decurrent; stem fleshy or fibrous: ClHopilus, 

29. Stem cartilaginous ; plants small, insignificant: 

Eceilia, Leptonia and Nolanea, 

PI rRlU.E UUOVVN-SPOUED AGARICS. 

.‘U). Annulus j)i*eseiit; veil distinct: (31) 

30. Annulus and volva lacking: (32) 

31. Gills free: Agaricvs, 

31. Gills not free: Stropharia. 

3>2. \'eil present when young, seldom forming an annulus, sometimes 

remnants on margin of pileus, (a])pendiculate) . Eypholoma, 

32. Veil entirely lacking; fragile or delicate plants, unimimrtant : 

Psathyray Deconica, & Psilocyhc, 

BLACK-SPOKED AGARICS. 

33. Gills deliquescing into a black fluid when mature: Coprlmis. 

33. Gills not deliquescing; volva and annulus lacking (34) 

34. Pileus with striate or sulcate margin: Psathyrella, 

34. Pileus not striate, rather firm: PanoeoJus, 

{Clavariaceae) . 

(f) Fruit-body fleshy, rather large, simple or branched, varying from 
half-inch to 0 inches or more high: Clavaria. 

(f) Fruit-body not fl(»shy,' — Clavaria-like but leathery and tomentose: 

Lachiwciaditim, 

(f) Fruit-body slender, thread like, cartilaginous. Pterula, 

(f) Fruit-body of the other genera are minute, mostly only several 

millimeters high. 

29 
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(HydmMceae). 

(g) Hymenophore of gelatinous spines: Tremello^hm. 

(g) Hymenophore in form of folds or wrinkles. Phlebia. 

(g) Hymenophore in form of minute warts, etc (1) 

(g) Hymenophore with evident spines: (2) 

(g) Hymenophore with false gills or pores which become teeth in age: 

( 4 ) 

1. Warts rounded at apex: Qrwndinia. 

1. Warts many-parted or ciliate at apex : Odoniia. 


2. Spines knob-like, thick, tufted or scattered, obtuse: Radulum. 


2. Spines with acute tips (3) 

3. Spores colorless : Hydnum. 

3. Spores colored: Phaeodon. 

4. Fruit-body leathery-tough: Irpex. 

4. Fruit-body fleshy : Sistotrema. 

(Polyporaceae.) 

(h) Hymenophore reticulated or wrinkled. MeruUus. 

(h) Hymenophore of tubes,, convoluted corriders, or variations of 
these * (1) 

1. rileus fleshy or gelatinous, (decaying rapidly) (2) 

1. Pileus leathery, corky or woody, (a few may be tough-fleshy) . . (6) 

2. Stem lateral : Fistulina. 

2. Stem central: ' (3) 

3. Stem with an annulus: (usually incl. under Boletus) Boletopais. 

Stem without volva or annulus (4) 

4. Pileus and stem squarrose-scaly : StroMlomyces. 

4. Not squarrose-scaly: (6) 


5. Layer of tubes separating readily from hymenophore: Boletus. 

6. Layer of tubes not separating easily; tubes radiating from stem: 

Boletinus. 


6. Hymenium gelatinous: Gloeoporus. 

6. Hymenium not gelatinous (7) 

7. Tubes in several layers; perennial. Pomes. 

7. Tubes not stratifled: annual (8) 

8. Tubes longer in the radial direction. Favolus. 

8. Tubes rather regular: (9) 
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9. Piless ihick, woody, corky or tough*£Leshy, stalked or sessile. 


PolyporuB. 

9. Pileus thin, leathery or membranous: (10) 

9. Pileus corky; tube-layer not distinct from trama of pileus. ... (11) 

10. Pileus stalked or sessile shelving. PolyBtictus, 

10. Pileus always entirely resupinate : Poria, 

11. Tubes somewhat round. Trametes, 

11. Tubes sinuous-labyrinthiform. DaedaUa, 

( Thelephoraceae. ) 

(k) Pruit-body infundibuliform and stalked, CantherellusAike : hy- 
menium ridged on the exterior. Craterellus, 

(k) Fruit-body with even hymenium, but often showing the irregulari- 
ties of the uneven substratum (1) 

1. Hymenium with projecting, bristle-like cystidia, showing under a 

pocket-lens : (2) 

1. Hymenium without cystidia (4) 

2. Cystidia stellately branched : AsteroBtroma. 

2. Cystidia 'simple : (3) 


3. Cystidia hyaline; fruit-body of a one layered trama. Pemophora, 

3. Cystidia colored; fruit body of more than one layer: Hymenochaete. 

4. Pileus with substance in differentiated layers; usually effuso-re- 

flexed, rarely stalked. Stereum. 

4. Pileus of a homogeneous substance (5) 

5. Pileus resupinate, effused over the substratum in thin crusts:. . (6) 

5. Pileus stalked, or resupinate-reflexed, often much branched to form 

- compound pilei. Thelephora. 

6. Hymenium waxy or soft when fresh, cracked when old; spores 

colorless : Corticiurn. 

6. Hymenium fleshy; spores colored. Coniophora, 


POLYPORACEAE. (Field Keys to Species). 


The important character 
comes first. 


Names in parenthesis are those of the North 
American Flora, by A. W. Murril, where 
descriptions may be found. 


Fames. 


1. Hymenophore flesh-color (2) 

1. Hymenophore not truly flesh-color. ^ • (3) 

2. Flesh rose-colored; pileus usually small, flesh color when fresh; 

tubes 1-2 mm. long: ^ Fames rasens Fr. 
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2. Flesh flesh-color to cork-color; pileus 5 to 20 cm. Wide; tubes 3-5 

mm. long. Fomes fraxinens Fr, 

3. Fruit-body mostly resupinate or effuso-reflexed (4) 

3. Fruit-body usually shelving, dimidiate, ungulate or applanate. (5) 

(dimidiate — semicircular; ungulate =: hoofed-shaped ; applanate 
— flatly-extended) . 

4. Flesh thick, white or whitish ; surface of pileus velvety, usually 

covered with a green growth of Moss, etc.; tubes 1-2 mm. long. 

Fomes connatus Fr. 
(Fomes populinus). 

4. Flesh cinnamonbrown, thinner; fruit-body widely effused and re- 
supinate (i. e. with hymenium ui)permost). Fames conehatus Fr. 

(Pj^ropolyporus conehatus). 


5. Pileus small, less than 3 cm. wide; flesh whitish (6) 

5. Pileus often considerably larger: (7) 


G. Pileus ungulate, zonate and concentrically sulcate in age. 

Fomes oMensis Berk. 
(See also Trametes) 

6. Pileus scutellate, (platter-shaped) ; surface even and black. 

Fomes smtellaUis ^chw. 

7. Flesh white or whitish; (Fames pinioola is browmish in age) . . (8) 


7. Flesh brown to ferruginous (rust-color) (11) 

8. Surface of pileus chalk-white, or dingy white; on conifers, mostly 

Larix: Fomes officinalis Fr. 


cf. also Fomes alhogrisens PK. 

(Eornes laricis). 

8. Surface of pileus grayish-browm, Imnvn or reddish: (0) 

9. Growing on Ash; pileus ungulate, gray to blackisli. 

Fomes fraxinophilus PK, 
9. Growing mostly on conifers; at least not on Ash: (10) 

10. Pileus ungulate, ro^inous, sulcate, 6-10 cm. thick; margin often 
reddish to yellowish: Fomes pinicola Fr. 

(Fomes ungulatus). 

10. Pileus irregularly extended, apjdanate, light-browai, .5-2 cm. thick; 

usually growing from roots or near the ground : Fomes annosus Fr. 

11. Pileus applanate; surface white, gray or brown, concentrically sul- 

cate; very common everywhere on dead timber: pores when fresh 


turn brown to black when bruised. Fomes applanatus. 

(Elfvingia megaloma). 

11. Pileus ungulate: (12) 

12. Flesh punky, homogeneous (i. e. not zonate) ; mostly on Birch and 

Beach: Fames fomentarius Fr. 


(Elfvingia fomentarius). 
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12. Flesh woody, zonate; pileus brownish-black to ferruginous*. . (13) 

13. Surface of pores velvety — ^glistening; pileus deeply sulcate; tubes 

with abundant cystidia. Fames Everhartii E, & G. 

also Mucronoporus Everhartii. 
( Py ropoly porus Everhartii ) . 
18. Surface of pores dull; pileus radially cracked in age; spores color- 
less: Fames igniariaus Fr. 

(Py ropoly porus igniarius). 


Fomes lucidus F = Polyporus lucidus Fr. 

Fomes cariieus eke = Fomes roseus Fr. 

Fomes nigric ans Fr. -—Fomes igniarius Fr. ( ?) 
Fomes leucophaens Mont. — Fomes applanatus. 
Fomes marginatus Fr. = Fomes pinicola Fr. 
Fomes saliciuus Fr. = Poria inei*mis Ell. 

Fomes abietis Karst — Trametes Pini Fr. 

Fomes ohiense Berk = Trametes ohienses. 


Polyparus, 

1. Pileus covered with a shining reddish-brown varnish; annual, some- 
times perennial : (2) 

1. Pileus with a different surface (4) 

2. (irowiiig oil Tsuga canadensis; fruit-body with a stem varnished 

like the cap: Polyparus lucidus Fr, 

(Ganoderma tsugae), 

2. OroAving on broad-leaved trees; fruit-body sessile or short-stemmed. 

(3) 

3. Fruit-body annual, mostly sessile, margin of pileus acute: 

Polyparus sessile Murr, 
(Ganoderma sessile). 

.3. Fruit-body perennial ; margin of pileus truncate : 

Polyparus curtisii Berk, 
(Ganoderma curtisii). 

4. Fruit-body stipitate: (5) 

4. Fruit-body not stipitate, shelving or resupinale-redexed (27) 

5. Flesh brown to yellow-ferruginous; on wood of conifers; or in oak 

woods: (6) 

5. Flesh white: (7) 

6. Pileus large, 16-20 cm. diam., surface hispid to strigose — ^lomentose, 

ferruginous, stained yellowish; flesh yellow-rusty, fragile when 
dry; stem short and thick; pores sulfur-greenish: 

Polyparus SchweinitM Fr, 
(Phoeolus sistotremoides) 
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6. Pilena less than 12 cm. broad, with a short, coitral, thick, tomentose 
stem; visually pileos is double, one beneath the other, rusty-yellow; 
pores at first white-covered, tten grayish-brown: 

Pol^porus tomentoam Fr. 
(Coltrichia tomentosa). 
cf. Polyporua drcinatm Fr. 


7. Fruit-body grown together in the form of numerous pilei : (8) 

7. Fruit-body single or sub-caespitose (12) 


8. Hymenophore yellow to greenish-yellow, decurrent; pilei becoming 
fragile, large, yellowish-green ; stem 3-6 cm. long, thick : 

Polyporua poripea Fr. 
Grifola poripes). 
cf. Polyporua fiavovirena B. & Rav. 

8. Hymenophore white; (tinged yellow in the first species follow- 

ing) : (9) 

9. On decayed trunks of apple trees ; pilei tufted, each 10-15 cm. broad, 

white or tinged yellow ; common stem short and very thick 

Polyporus admirabilis PK. 

9. On Larix and Cedar ; pilei tough then hard, almost horny, even and 
glabrous; stems shoii:, connate: Polyporua oaaeua Fr, 

9. On the ground, or at base or around oak trees: (10) 

10. Surface of pileiis gray or grayish-brown to coffee-colored; pilei very 
numerous and small, 1-6 cm. broad each: (11) 

10. Surface of pileus whitish to pale tan ; pilei large, 5-15 cm. or more 

broad. Flesh milky in young plants; tubes large, 1 mm. diam. 

Polyporua Berkeleyi Fr. 
Grifola Berkeleyi ) . 

11. Pilei lateral, spatulate or dimidiate: Polyporus frondosm Fr. 

(Grifola frondosa). 

11, Pilei central, umbilicate and Circular: Polyporua umhellatua Fr. 

(Grifola ramosissima). 

12, Plants rather fleshy; growing on the ground (13) 

12. Plants tough; on wood: (16) 

13. Stem black and rooting; pileus subtomentose, smoky-brown: 

' Polyporua rudicatua Schw. 

(Scutiger radicatus). 

13. Stem not black, nor rooting: (14) 

14. Pileus blue when fresh ; tubes blue when young : 

Polyporua holocyaneua Atk. and Polyporua oaeruleporua PK. 

(Scutiger). 

14. Pileus ashy-gray; tubes white-stuffed when young: 

Polyporua griaeua PK. 
(Scutiger griseus). 
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16 Pileu* stipitate, but stem usually aborted so as to be at times re- 
supinate; flesh of two layers: Polyporus distortus Schw. 

(Abortiporus distortus). 

16. Stem not aborted : (16) 

16. Stem black, either at base or thruout, often lateral or eccentrics (17) 

16. Stem whitish to brownish; pileus rarely more than 2-5 cm. 

broad (20) 

17. Pileus scaly, thickish, large, rather soft and putrescent; pores large, 

angular, shallow: Polyporus squammm Fr. 

(Polyporus candicinus). 

17. Pileus even, glabrous, firm becoming hard: (18) 

18. Pileus large, 6-20 cm. broad (10) 

18. Pileus smaller, pale leather-coloi*ed ; stem centrtil, abruptly black 

below : Polyporus elegans Fr, 

19. Surface of pileus milk-white, center dai'ker, tubes milk-white; stem 

smoky below; on roots from the ground: 

Polyporus Underwoodii Mun\ 

19. Surface of pileus chestnut colored to yellowish or blackish ; stem 


entirely black: Polyporus pioipes Fr, 

20. Pileus zonate, mostly on the ground or on humus in woods: (21) 

20. Pileus not zonate: (22) 


21. Pileus with lacerate margin, shining cinnamon : 

Polyporus cinnamomeus 8, F, Qray, 
see: Polystictus cinnamomeus. 
( Coltrichia cinnamomeus ) . 

21. Pileus with fimbriate or entire margin, rusty -brown: 

Polyporus perennis Fr, 
see: Polystictus perennis. 
^ (Coltrichia perennis). 

22. Margin of the pileus strigose-hairy ; mouths of tubes large, rhom- 


boid: Polyporus arcularius Fr. 

22. Margin of pileus not strigose: (23) 

23. Surface of pileus flbrillose or villose-tomentose : (24) 

23. Surface of pileus glabrous: (25) 


24. Pileus drab-colored, tufted with fibrils, tubes milk-white, angular, 
decurrent: Polyporus fagicola Murr, 

24. Pileus smoky to yellowish-brown, hispid-scaly ; tubes whitish, round, 

adnate: Polyporus hrumalis Fr, 

(Polyporus Polyporus). 

25. Flesh yellow ; surface of iwleus bay-brown ; tubes decurrent, mouths 

minute: Polyporus phaeoxanthus B k M, 

26. Flesh white: (26) 
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26. Stem central, chestnut-colored; pileus white; tubes minute: 

PolyporuB alhiceps PK, 

26. Stem lateral, white; pileus white; tubes angular, glistening: 

Polyporus humilis PK. 


27. ‘ Flesh white or whitish :. (28) 

27. Flesh brown, roddivsh or yellow (47) 

28. l^ores grayish-ashy, bluish or blackish in age (29) 

28. Pores not ashy in age: (32) 


29. Pileus soft spongy when fresh, tomentose, friable when dry; spores 
blue to slate-color in mass: Polyporus caesiuB Fr. 

(Tyromyces caesius). 

29. Pileus corky, glabrous or nearly so ; spores white in mass : (30) 

30. \'ery fragrant when fresh; pileus 5-12 cm. broad, margin whitish; 

on Willow, etc.: Polyporus suareolcns Fr. 

(Trainetes suaveolons). 

30. Not fragrant; margin of pileus becoming black in age or when 

bruised; caespitose, fruit-body rather large: (31) 

31. Pileus 5-20 mm. thick, smoky-colored, shelving, imbricate; tubes 2-3 

mm. long; pores whitish at times: Polyporus ftunosus Fr. 

(Bjerkandera fumosa). 

31. Pileus thinner, 2-4 mm. thick, effuso-reflexed, often imbricate; tubes 

1 mm. or less, long: Polyporus adiistiis Fr. 

(Bjerkandera adusta). 

32. Surface of pileus distinctly hairy-tomentose and spongy, mostly 


white; rather large: (33) 

32. Surface of pileus glabrous or nearly so : (30) 


33. Flesh zonate, thin, only .5 to 1 cm. thick, rigid and brittle when 
dry; every part white or whitish: Polyporus galacthms Berk. 

(Spongipellis galactinus). 

33. Flesh not zonate, pileus 2 to 5 cm. thick, not very brittle when 

dry: (34) 

34. On trunks of conifers ; parasitic ; fruit-body white or tinged yellow- 

ish : Polyporus horeaUs Fr. 

(Spongipellis borealis). 

34. Not known on conifers: (35) 

35. Tubes large, 1 mm. in diam.; pileus large, 10-15 cm. wide, spongy 

when fresh, often ungulate, pale tan to cinnamon; on oak and 
maple : Polyporus unicolor Schw. 

( Spongipellis unicolor ) , 

35. Tubes much smaller; pileus whitish to cream color or pale tan; 
flesh soft, spongy-fibrous. On beech : Polyporus oocidentalis Murt\ 

(Spongipellis occidentalis). 
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36. Pileus large, 8 cm. or more wide (37) 

36. Pileus small, rarely exceeding 5 cm. wide: (40) 


37. Flesh of two layers, soft and spongy above, firm and woody below ; 
pileus whitish to pale tan, thick, convex to triangular; on elm, 
maple, etc.: Polyporus delcctans PK. 

(Spongipellis delectans). 

37. Flesh at first fibrous-fleshy, rigid and friable when dry, one-layered; 

pileus applanate or convex: (38) 

38. Flesh zonate; pileus white, surface watersoaked, becoming discol- 

ored; margin soon blackish; odor strong; on oak: 

Polyporus Spraguci Berk, 
( Tyroiny ces Siiraguei ) . 

38. Flesh not zonate; pileus atiached by narrow base: (39) 

39. Tubes 840 mm. long; ])ileus rugose, whitish or tinged yellowish; on 

Tilia : Polyporus tiliophila Murr, 

( Tyromyces ti liopliila ) . 

39. Tubes shorter, 3-G mm.; pileus 1045 cm. broad, white or yellow- 

ish, watery-spotted; on conifer trunks: 

Polyporus guttulatus PK, 
( TyiM )myces gu ttu latus ) , 

40. Surface of pileus cartilaginous, yellowish-white; Ih^sh horny when 

dry, very thin; on maple, etc.: Polyporus souisupiuus B. d- V, 

( Tyromyce»s semisupinus ) . 


40. Surface not (‘artilagiuous: (41) 

41. Pileus elTuso-reflexed : (42) 

41. Pilous dimidiate: (45) 


42. Tubes large, irrc^gular, 1-2 to a mm.; ])ileus white, sulate-zonate, 
slightly spongy-lomentose; on hemlock and pine: 

Polyporus uudosus PK, 
(Tyromyces undosus). 

42. Tubes much smaller, 3-G to a mm., regular; pileus slightly villose or 


scabrous, laterally elongate: (43) 

43. On coniferous wood: • (44) 


43. On branches of broad-leaved trees; pileus wiiite to tan; tubes short, 

very minute, often blue spotted: Polyporus semipilcatus PK. 

(Tyromyces semipileatus). 

44. Mouths of pores glistening; pileus subcorky, inseparable from sub- 

stratum, milk-white, not zonate: Polyporus anceps PK. 

(Tyromyces anceps). 

44. Mouths not glistening; pileus fleshy-tough, white to pale tan, often 
with reddish zones: Polyporus EUisiamis Murr. 

(Tyromyces Ellisianus). 
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46. Pileus zonate, whitish with brownish zones, 24 mm. thick, later- 
ally much elongate, margin undulate and irregular; on Tsuga 
canadensis : Polyporua criapellua PK. 

(Tyromyces crispellus). 

46. Pileus not zonate, much thicker; pores glistening: (46) 

46. Pileus milk-white, very soft and fleshy, becoming fragile and rigid 
when dry ; tubes long, 5-10 mm. ; on conifers and other wood : 

Polyporua lacteua Fr. 
(Tyromyces lacteus). 

46. Pileus grayish-white to yellowish-white, watery with an acid odor; 

tubes short, 2-4 mm. long: Polyporua chimiem Fr. 

(Tyromyces chioneus). 

47. Pores whitish, then black-spotted; pileus and flesh reddish-gray to 

clay color, dull red after wetting, with odor of seneca grass : 

Polyporua fragram PK. 
(Bjerkandera pubenila). 

47. Pores and flesh whitish, yellow or orange; pileus velvety to finely 
tomentose: (48) 

47. Pores and flesh light brown to dark brown : (50) 

48. Pileus 2-3 cm. thick, orange colored, convex; flesh zonate, watery 

(fresh), rigid (dry); pores long, 5-10 mm. On oak, perhaj>s on 
other wood: Poh/j)oru8 Pilotae Hchw. 

(Aurantioporus Pilotae). 

48. Pileus thinner, 1 cm. or less thick, applanate, imbricate, often of 

many pilei: (49) 

49. Very imbricate, sulfur-yellow, fading to white, large, 7-20 cm. wide. 

On trunks of broad-leaved trees; parasitic: 

Polyporua aulphureua Fr. 
(liaetiporus speciosus). 

49. Orange-colored, much smaller, 5-8 cm. wide; flesh spongy (moist), 
friable (dry) ; on wood of conifers: Polyporua fihrilloaua PK. 

(Psychoporellus fibrillosus). 

60. Parasitic on living stems of the currant bush ; pileus ferruginous to 
umber, 5-10 cm. wide, conchate, tough and corky: 

Polyporua riheaiua Pera. 
(Pyropolyporus Ribes). 

60. ^On wood of broad-leaved trees ; pileus dimidiate, simple or somewhat 


imbricate: (61) 

51. Flesh distinctly zonate: (62) 

51. Flesh indistinctly or not at all zonate (54) 

62. Pores glistening; pileus medium' size: (63) 


52. Pores dull, whitish when young, then resinous, dark brown; pileus 
of immense size, a foot or more wide ; on oak : 

Polyporua dryuUena Fr. 
(Innotus dryadens). 
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53. Pileus large, 10-14 cm. wide, dark rnety-brown, with, thick margin; 
fleeh thick, shining; on oak: Polyporus dryophitun Berk. 

(InnotuB dryophilns). 

63. Pileus smaller, 6-10 cm. wide, surface rusty-yellowish, darker in age, 
imbricate : 

form (A) applanate, thin margin: 

form (B) subtriangular to effuso-reflexed, but thick: 

Polyporus gilma Fr. 
(Hapalopilus gilvus). 


53. Surface of pileus hirsute (stiff-hairy), to tomentose; (64) 

63. Surface glabrous or nearly so : (55) 


54. Pileus large and thick, 3-5 cm. thick, spongy-corky, subungulate, sur- 
face hispid, yellow-furruginous then dark; tubes about 1 cm. long. 
On living trunks : Polyporus Mspidus Fr. 

(InnotuB hirsutus). 

54. Pileus thin, .5 to 1 cm. thick, spongy-fleshy, flabelliform (fan-shaped), 
surface tomentose, grayish to ferruginous; tubes 3-5 mm. long; on 
dead and living trunks: Polyporus perplexus Pk. 

(Innotus perplexus). 

66. Pileus large, 10-15 cm. broad, surface concentrically sulcate, fer- 
ruginous; margin whitish, on white oak: Polyporus lobatus Sehu>. 

(Elfvingia lobata). 

56. Pileus smaller, tawny, 3-9 cm. broad: (56) 

56. Pileus corky, rigid, radiate-rugose, margin thin; tubes glistening: 

Polyporus radmtus Fr. 

(Innotus radiatus). 

66. Pileus fleshy-pliant, not rugose, margin thick; tubes hardly glisten- 
ing; on sticks and branches: Polyporus rutilans Fr. 

(Hapilopilus rutilans). 


Polystictus. 


1. Pileus with a distiiwt central stem; mostly on the ground: (2) 

1. Pileus without a distinct stem: (3) 


2. Pileus with a lacerated margin, shining cinnamon: 

Polystictus cinnamomeus 8. F. Gray 
(Coltrichia cinnamomea). 

2. Pileus with even or slightly hairy margin, rusty-brown : 

/ Polystictus pcrennis Fr. 
(Coltrichia perennis). 

3. Fruit-body at flrst cup-like and sterile, attached by a narrow ses- 

sile base, later developing the fertile pileus on one side, whitish, 
zonate, not effuso-reflexed: Polystictus concMfer 8 cJmc. 

(PoroniduluB conchifer). 

3. Fruit-body without a differentiated earlier cup: (4) 
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4. Fruit-body orauge, dimidiate, rather soft, flbrous-tomentose : 

Poiystictm aurantiacus Ph. 


4. Fruit-body not orange (5) 

n. Tubes soon breaking up into Irpex-like teeth: (6) 

Tubes entire, unless very old: (9) 

6. Tubes violet-reddish : (7) 

G. Tubes white, or becoming discolored in age ; on Avood of broad-leaved 

trees: (8) 


7. On conifers; pilens effuso reflexed, grayish -white, villose, flexible to 
rigid: Polysf ictus chief inns Dicks, 

(Coriohis abietinus). 

7. On broad-leaved Irecs; imbricate, thin and parchment like-: 

Poly si ictus pergaincnns Fr, 

8. Pilens etfuso-reflexed, laterally connate, Avhite; tubes 8-5 mm. long, 

diameter rather large: Polysticins hiformis Klotsch, 

( C'^oriolus biformis) . 

8. Pilens dimidiate to fan-shaped, whitish ; tubes 1-8 mm. long, diameter 

smaller : Polysticins prolificans Fr, 

((^oriolus prolificans). 

9. Surface of ])ileus conspicuously hairy, zoned; pilous 8-8 mm. thick, 

corky-leathery, very variable; very common: 

Polysticins hirsntus Fr, 
(Ooriolus nigromarginatus) . 

9. Surface of pilens glabrous or minutely velvety to tomentose:. . (10) 


10. Surface of pilens conspicuously zoned: (11) 

10. Surface of pileus inconspicuously zoned: (14) 


11. On trunks of Abies balsamea ; pileus dimidiate, villose-tomentose, 
drab-colored with paler zones: Polysticins halsamcns Pk, 

(Coriolus balsameiis). 

11. Not on conifers: (12) 

12. Pileus white or dingy white, pubescent, rather thick, imbricate 

radially lined or fiirroAved; tubes Avhite: 

Polystictus puhescens Fr, 
(Coriolus pubescens). 

12. Pileus of varied colors in zones, not white: (13) 

13. Pileus dimidiate, A^ery imbricate, with glabrous, shining zones of 

bright colors when young, becoming darker with age; tubes glist- 
ening; very common: Polystictus versicolor Fr, 

(Coriolus versicolor). 

13. Pileus circular, spatulate, or fan-shaped, very thin, brownish-tan, 
with darker zones; margin often lobed: Polystictus plamis Pk, 

(Ooriolus planellus). 
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14. Pileus 3*6 cm. wide, white to pale tan, fan-shaped: (15) 

14. Pileiis very small, 1-1^2 broad, yellowish-brown; mostly on Sas- 

safras: Polystictus hirsuttilus 8chw. 

(Ooriolus hirsutulus). 

15. Pileus rigid, tough, thin, margin lobed, attached by a tubercle, sur- 

face scabrous, uneven: Polystictus Lloydii Murt\ 

(Coriolus Lloydii). 

15 Pileus rather flexible, entirely glabrous, margin lobed; tubes 2-3 mm. 
long : Polystictus conccntricus Murr, 

( Coriolus concentricus ) . 


Polystictus barbatulus::=^Polystictus sericeohirsutus (on red cedar). 
Polystictus pseudopargamems— Polystictus i)rolificans. 

Polystictus radiatus— Polyporus radiatus. 

See also Polystictus veliitinus Fr. 


Trametes. 

1. Pileus usually very large, 10-20 cm. wide, imbricate, dimidiate, 
smoky chocolate-brown, flesh and pores umber, with a resinous 
luster; common: Trameies lenzoina Fr. 

(Ischoderma fuliginosum). 

1. Pileus much smaller: .'...(2) 

2. Uniform cinnabar-red throughout; pileus thick; common on dry 

wood: Trmnctes cmnaharinus Fr. 

(Pycnoporus cinnabarinus). 

2. Not red: (3) 

3. Tubes splitting rri)ex-like in age; y)ileus thin, zonate, pale brown to 

blackish-brown, 2-8 cm., resupinate-reflexed ; flesh bordered by 
bla(‘k lines near the tubes: Tremefcs mollis Fr. 

(Antrodia mollis). 


3. Tubes not Irpex-likc; pileus laterally connate: (4) 

4. Flesh white or whitish, pileus 1-3% cm. wide: (5) 

4. Flesh brown to ferruginous; tubes large, 1 mm. in diam. ; pileus 

5-12 cm. wide: (7) 

5. Pileus effuso-reflexed : (6) 


5. Pileus ungulate, light-brown, concentrically sulcate in age; tubes 

stratified, chalky-wdiite : Trameies ohicnsis Berk. 

See: Fames ohieui^is Berk. 

6. Pileus whitish to pale wood-colored, often radiate-furrowed, often 

dimidiate; on dry fence rails and similar situations: 

Trametes sepiutn Berk. 
(Coriolellus sepium). 
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6. Pileus cinnamon-bFown, etc., reflexed portion very narrow; sur* 

face uneven, toinentoee to strigose-hairy : Trometes seriaUs Fr. 

(Coriolellua serialis). 

7. On living conifers, parasitic; pileus 5-8 cm. thick, hand and woody, 

very rough and deeply sulcate, tawny-brown to blackish, peren- 
nial ; tubes stratified, irregular like Daedalia : Tra/tnetea Pirn Fr. 

(Porodaedalia Pini). 
Syn.=Fome8 abietes Karat. 
7. On poplar trunks, saprophytic; pileus 1-3 cm. thick, corky, some- 
times sulcate, ferruginous, tubes long, regular: 

Trametea atuppea Berk. 
(Funalia stuppea). 


Daedalia. 

1. On oak timber, stumps and trunks. Pileus large and imbricate, 
thick: Daedalia quercina L. 

1. On poplar, willow, etc., common ; pileus applanate ; pores labyrinth- 
iform to almost regularly round : Daedalia con fragoaa Bolt. 

( 8yn.— Trametea rubeacena ) . 

1. On logs, stumps, limbs of trees, etc., very common ; pileus cinereus 
with unicolorous ssones, rather thin and leathery: 

^ Daedalia tmicolor Fr. 


{C.) Aacomycetea. 

A. Asci in a Perithecium (=a rounded, oval, pear-shaped or beaked 
fruit-body in which asci fonn, usually opening by pore at apex) : 

(B) Pyrenomycetea. 

A. Asci in a Hysterotheciuui (=fruit-l)ody elongate, boat-shaped, star- 
shaped, etc., opening by slit). (T) Hyateruilea. 

(I) {PlKundkileH. 

A. Asci in an Apothecmm (=Fruit-body at last cup-shaped exposing 
the hymenium, or with the hymeniuin over outer surface of fruit- 
body) : (K) Diacornycetea. 

A. Asci enclosed within a fruit-body, which breaks into pieces at ma- 
turity or loses its walls, to free tlie spores: (O) Tuberalea. 

A, Fruit-body lacking; hymenium forming directly on mycelium: 

(P) Exoaacalea. 

B. Perithecia spherical, without true ostioles (a differentiated mouth 

or pore-, dark-colored or black at maturity) : (E) Periaporialea. 

B. Perithecia with differentiated ostiole: (C) 

C. Perithecia soft, brightly colored or hyaline, never black or hard. 

(white, yellow, red or blue) : (F) Hypocrealea. 

C. Perithecia h.ard, dark-colored or black: (D) 

D. Walls of perithecium scarcely distinguishable from the stroma ill 

which they are imbedded: (G) DotMdialea. 

D, Perithecia clearly differentiated, hard or carbonaceous, with or 
without a stroma: (H) Sphaerialea. 
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(E) Perisporiales. 


E, Peiithecia closed, with appendages: (a) Erysibaceae. 

E. Perithecia without appendages: 

(Not included) (b) Microthyriaceae. 

(c) Perisporiaceae. 


(a) EryHhaceae, 

1. Appendages needle-like, enlarged at base: PhyUactinia. 

1. Api)endages hooked or coiled at their apex: UncimUa. 

1. Appendages dichotomous at the apex: (2) 

1. Api)endages variously shaped: (3) 


2. Perithecia containing only one ascus: 

2. Perithecia containing several asci : 

3. Perithecia containing only one ascus : 

3. Perithecia containing several asci: 

(F) Hypocreales. 

Hypoereaceae, 


Podosphaera. 

Microsphdera. 

Sphaerotheca, 

Erysibe. 


1. Spores hyaline : (2) 

1. Spores brown or dark-colored (7) 

2. Spores elliptical, 2-celled: (3) 

2. Spores elliptical or elongated-fusiform; 3-many celled: Calonectria. 

2. Sjjores needle or thread-shaped; perithecia on a stroma: (5) 

3. Perithecia on a loose mycelioid stroma; growing on old Agarics, etc.: 

Hypomyces, 

3. Perithecia not on decaying fungi: (4) 

4. Peritliecia imbedded in a cushion-shaped or effused stroma; the 2 

cells falling apart at maturity: Hypocu'ea. 

4. Peritheria on top of the stroma, or stroma lacking; spores often form- 

ing numerous conidia in the Ascus: Nectria, 

5. Stroma erect, growing from dead insects or larvae or ^^Tubers’^ hidden 

in the ground or wood: Cordyceps, 

6. Not on insects or ‘Tubers:” (6) 

6. Infecting grains of rye and other grasses, which it causes to en- 
large and turn blackish (Sclerotia) : Claviceps, 

6. Forming thin stromata around plant stems: Epichloe. 

7. Spores spherical; causing a dangerous wilt-disease of Cotton, Cow- 

pea and Watermelon, by the mycelium filling vascular system: 

Necosmospora. 

7. Spores muriform (i. e. divided like a brick wall) : Pleoneetria. 
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(G) Dothidiales, 
Dothidiaceae. 


1. Stroma lar^^e, brown tfien black, forming deformities on twigs of 
Plum and Cherry trees: Plowrightia morhosa, 

1. Stroma small, linear or in patches, black, on leaves of grasses, 
etc.: ...(2) 

. Spores 1-celled, hyaline: Phyllochora. 

. Spores 2-cel led, hyaline: DoiMdell<i, 

. Spores 2-celled, dark-colored: Dothidia. 


a. 


a. 


b. 

b. 


c. 


c. 


d. 

d. 


e. 


e. 


f. 

f. 

g- 

g- 

h. 


h. 

k. 


( 11 ) ^^pha€7'iales. 

Growing on dung: (m) ^ordariaceae, 

Not on dung: (b) 

Ferithccia on the surface of the substratum, with long hair-like osti- 
oles ; no stroma : (n) Ceratostomataceae. 

Perithecia with short ostioles, or if long and slender then beneath 

the bark: (c) 

No stoma present; perithecia free on the surface, or more or less 

sunken into the substratum: (d) 

Stoma present; perithecia either in groujis in its surface, or deeply 
imbedih'd in the stroma; stroma may be on the surface or within 
the substratum: (h) 


Perithecia free, or only in the substratum at their base: 

( o ) Sphneri aceae, 

Perithecia sunken in the substratum, only exposing the short osti- 
oles: (e) 

Asci usually thickened at the apex; breaking open by a ymr^s osti- 
oles stout or elongated : (])) (hioinoniaceae, 

Asci not thickened at apex, exuding from ostioles at maturijv: 

(f) 

Walls of y)erithecia carbonaceous or thick; spores large, in a gelatin- 
ous envelope: (q) Masftariaceae, 

Walls of ])erit:hecia thin, membranous-leathery: (g) 

Asci clinging together in bunches, without yiaraphyvses : 

( r ) Mycosphu erellaccae, 

Asci separate; pariii)hyses present: (s) Plcosporaceae. 

Rtroma spread out, margin undefined; y)erithecia upon it in close, ir- 
regular clusters: (t) Cuourhitaceae. 

Perithecia deeply imbedded in the stroma (k) 

Hlroma formed from the changed bark or wood of the substratum; 
sometimes hardly distinguishable from neighboring wood tissue, 
sometimes sharply marked by a black line; mostly covered over 
by the bark except at point where the ostioles of the yierithecia 
break through to the surface : (u) (Valmceae, 

{Melanconidaceae. 
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k. Strolua either initiated undt^r the bark and later becoming super- 

ficial, or entirely developed as cushions or even erect bodies on the 
surface of the substratum: (2) 

l. Spores hyaline or pale brownish; stroma pushing up through the 

,bark: (x) Diatnjpaceae, 

1. Spores blackisli-brown, stroma on the surface, or as erect, club- 
shaped, black, single or branched, Clavaria-like bodies : 

(yj Xylariaceae, 

( m ) ^ordariaccae. 


1 . 

1 . 


1 . 

1 . 


1 . 

1 . 


3. 

3. 

3. 

4. 
4. 


Spores 1-celJed: Sordaria, 

Spores 4-many-celled : Sporormia, 

(n) Vcratosfomataceae. (Saprophytes.) 

Spores liyaline, 1-celled: Ccratostomella, 

Spores browiu 1-celled: Cera t (Estonia. 

(o) i^jihacriaccae. ( Sa])rox)hytes & hemisax>rophytes) . 


Perithecia hairy or spiny: (2) 

Perilhecia smooth: (4) 


Perithecia walls thin, membranous or leathery; si)ores several -cel led, 
hyaline, fusiform : AcautJiostigma, 

(A, parasitica, on Silver Fir). 
Perithecia walls thick, carbonaceous or woody, friable: (3) 

Sjioms several-celled, fusifoi*m, hyaline or brown: Herpotricha, 

{H. nigra, on larch, spruce, etc.). 
Sjmres seveml-celled, cylindrical-curved, hyaline or brown: 

LasiospJmeria. 

Spores 1-celled, dark-colored: RoseUitiia {in part). 

Spores hyaline, 2-m any-celled; perithecia warty on surface: 

Bertia. 

Spores dark-colored, 1-celled : RoseUinia, 

{R, ncvatrix, on roots of trees, etc.) 
R, aquila, on Mulberry roots. 
{R. Qnercina, on roots of Oak seedlings, etc.) 


(p) Gnomoaiaceac, 

(Saprophytes or Hemisaprophytes) (Spores hyaline). 


1. Spores 1-celled : (2) 

1. Spores elongated, 2-4-celled: Cfnomonia. 


( O, padicola on cherry tree) • 
(G, leptostylc on Walnut leaves). 


31 
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2. Ascus 8-spored : (3) 

2. Ascus many-spored : Ditopella, 


{D. fusispora on Alder.) 

3, ^fjores elliptical; on leaves and stems of herbs; ostiole rather long: 

Onomoniella, 

3. Spores sausage-shaped; on fruit and branches of the apple tree; the 
imperfect stage=‘^Gloeosporium fructigenum Qlomerella, 

(O. rufomaculms) . 


1 . 


1 . 

1 . 


2 . 

2 . 


1 . 

1 . 

1 . 

2 . 

2 . 

3. 

3. 

4. 
4. 


5. 

6 . 


(q) Massariaceae. (Saprophytes). 

Spores more than 2-celled, brown, elliptical to fusiform; on branches 
of trees : Massaria. 


(r) Mycosphaerellaceae. (Saprophytes and Hemisaprophytes). 

Spores regularly 2-celled: (2) 

Spores 1-celled, when old divided into 2 very unequal parts: 

Ghiignardia. 

{G. BidwelUi, parasit. on Grapes). 
((?. Yaciniiy on Huckleberry). 

Parasitic on leaves of living plants; Stigmatea. 

Saprophytic on leaves, branches, wood, fruit, ferns, etc., perithecia 
minute; a large genus of about 500 species: Mycosphaerella. 

(Syn=Sphaerella) . 
(M. uhni on elm leaves). 


(s) Pleosporaceae. (Saprophytes and Hemisaprophytes). 

Spores 1-celled, hyaline or brownish: Physalospora, 

Spores 2-celIed: (2) 

Spores more than 2-cells: (4) 

Ostiolos or perithecial wall with hairs or brisflcs; sjmres hyaline or 

brownish : Yenturia. 

(Y. Ponvi—Applo, scab. 
{Y. Pyrim=PesLT scab. 
Perithecia not hairy: (3) 


Spores hyaline : Didymella. 

(D, cAtriy on Orange trees). 
Spores brown : DidymospJiaeria. 

Spores with septa in one plane only: (5) 

Spores murifonn, i. e. with septa in several planes (7) 

Spores fusiform or elongated: (6) 


Spores long thread-like, often breaking up into its component 3 cells: 

OpMol)olu8. 
(0. graminis on wheat). 
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6. Spores hyaline: 

6. Spores yellow to brown : 


Metaaphaeria. 

Leptoaphaeria. 


7. Perithecia hairy : Pyrenophora. 

7. Perithecia smooth: Pleoapora. 

(P, gummipara, cause of formation of Gum-Arabic on Acacia). 


(t) Cucurhitaceae. 

1. Spores muriform, brown, several-celled : Oucuriitaria. 

{C. pith/yopMlia on Abies pectinata). 


(u) (Valsaceae.) (Melanconidaceae.) 

1. Spores brown, l-celled: Anthoatoma. 

1. Spores hyaline, l-celled ; (2) 

1. Spores more than l-celled: (3) 


2. Couidia layer formed in the upper layer of stroma, accompanying 
the perithecia: Cryptoapora. 

2. Conidia in i)ycnidia, or absent; on twigs and branches; common: 

Valaa. 


3. Spores 2-cellcd, rarely 4-celled, hyaline (4) 

3. Spores many-celled, brown; Pseudovalaa. 

4. Conidia “spores” dark-brown : Melanconis. 

4. Conidia hyaline or absent: Diaporthe. 


{D. paraaitica on Chestnut trees). 


(x) Diatrypeaceae. 

1. Stroma only with pycnidia: spores l-celled, hyaline: CaJoaphaeria. 

1. Stroma well-developed, finally on the surface of substratum (2) 

2. Asci 8-spored; spores cylindrical, curved, hyaline or pale-brown, 1- 

celled : Diatrype. 

2. Asci many-spored; spores cylindrical, curved, brownish, l-celled: 

Diatrypella. 


(y) Xylariaceae. 

1. Stroma crust-like, plate-like, spherical or hemispherical, etc., at- 
tached by entire lower surface; spores l-celled: (2) 

1. Stroma erect, clavate, cylindrical or capitate, simple or branched; 
perithecia lacking toward base: Xylaria. 
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2. Stroma crust-like, effused or as scattered areas over the blackened 


substratum : Nwnmularia. 

{N. disoreta on Apple trees). 
{N. Bvlliwrdi on Beech trees). 

2. Stromata in plates, cushions or globular patches; (3) 

.3. Stroma concentrically stratose: Daldinia. 

3. Stroma not stratose: (4) 

4. Stroma woody or carbonaceous, reddish, brown or black: Hypoxylon. 

4. Stroma at first fleshy, then carbonaceous; Ustulina. 


(1) (Uysteriales.) (Phacidiales.) 


1. Fruit-bodies elongated or boat-shaped: (2) 

1. Fruit-bodies angular, roundish or star-shaped; (G) 

2. Hysterothecia imbedded in the substratum Avith which they are 

grown together; (3) 

2. Hysterothecia breaking through the surface of the substratum. (4) 

2. Hysterothecia all upon the surface of the substratum, linear.. (3) 

3. Spores fusiform, 4-ceIled: OlonieUa. 

3. Spores filiform, 1-celled : Lophiodermium. 

{L. pimstri on conifer-needles). 


4. Spores elliptical, l-many-celled, hyaline; on oak and beech 

branches ; DicMena. 

5. Spores Avith 4-8 cells in a row, at length brown, elliptical : Hysterium. 

5. Spores with 2-4 cells in a row, hyaline: Olonium. 

5. Spores muriform, many-celled, hyaline to bi’own : Hysterographium. 

6. Hysterothecium brown or black: (7) 

6. Hysterothecium not blackish; hyineniuni exposed by the folding- 

back of the covering layers: (10) 

7. Hysterothecium at first immersed, later breaking forth from sub- 

stratum: (8) 

7, Hysterthecium imbedded in the substratum, which is torn and 

folded back: (9) 

8. Spores muriform ; on wood, minute : Tryhlidiwn. 

8. Spores needle-shaped, 2-8 celled, hyaline, on branches, stems, etc.: 

Scleroderris. 

/ 

9. Without a stroma; spores 1-celled, hyaline, oval or fusiform; mostly 

on leaves; Phacidvum. 
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9. Fruit-bodies in a stroma, which forms black patches on leaves; 
spores needle-shaped, 1-celIed, hyaline: Rhytisma. 

{R. acerinum on maple leaves) . 
10. Spores elliptical, hyaline, 1-celled: Paraphyses much branched 
above; hymenium thin-margined. Propolis. 

10. Spores filamentous, many-celled; paraphyses slightly branched; 
hymenium thick-margined : Stietis. 


(K) Discomyc€tes.=\j. 

L. Hymenium on a differentiate.d upper part of fruit-body, which is 
stalked and fleshy, waxy or gelatinous (M) Helvellales. 

L. Hymenium concave, even or convex, forming the upper surface of a 
usually cup- or um-shaped fniit-body which is sessile or stalked. 

(N) Pcsisales. 


(M) HelrcUales. 

a. Pi’uit-hody capitate; the cap spherical, elongated, etc., even, folded or 
ribbed, fleshy: (g) Helvellaceae. 

a. Fruit-body clavate, fleshy or gelatinous; asci opening at apex by a 
pore. (h) Gcoglossaccac. 


(N) Peskales. 

b. Cups or disks of small size, growing on dung; sometimes on otlier 
substrata: (i) Asooholaceae. 

b. Not on dung; msually on earth, or on wood (c) 

c. Cups fleshy or waxy, rarely gelatinous: ends of paraphyses free..(d) 

c. Cups leathery or cartilaginous; ends of paraphyses united to form a 

thick layer over asc-i (=Rpitheciumi (f) 

d. Cups generally large (l-.o cm.), fleshy stnicture of fmit-body of simi- 

lar, j»areuchyma-like cells: (kl Pezizaoeae. 

d, Cujm generally small or minute, waxy; structure of fruit-body of 

long, slender hyphae, outer layer often differentiated (e) 

e. Hyphae of fruit-body all hyaline: Cups mostly minutely stalked; on 

wood and herbs : (1) Helotiaceae. 

e. Outer hyphae of thick-walled brown cells; cups sessule; gi*owing on 

herbs; (m) Mollisiaceae. 

f. Cup free from the first upon the substratum, never enclosed in a mem- 

brane. (n) PateUariaceae. 

f. Cup at first imbedded in the substratum, then breaking thru epider- 
mis, often at first enclosed in evanescent membrane : 

(o) Cemngiaceae. 
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(g) Helvellaceae. 

1. Cap continuous with stem; both hollow within: (2) 

1. Cap loose around the stem, of variable shapes (3) 

2. Large; cap 2-5 in. across with labyrinthiform folds, forming hy- 

menial sui*face : Oyromitra. 

2. Smaller; folds up and down and crosswise, forming irregular rows of 

pits. Morchella. 

3. Cap composed of flaps hanging about the stem: Helvella. 

3. Cap bell-shaped. Verpa. 


(h) Geoglossaceae. 

1. Apothecia with differentiated cap: (2) 

1. Apothecia clavate, compressed: (3) 

2. Gelatinous, green or yellowish; spores ellipt. — fusiform: Leotia, 

2. Fleshy-leathery ; spores filiform; cap yellowish to brownish: 

Cudonia, 


3. Plants bright-colored: (4) 

3. Plants black or blackish; spores 4-many-celled, brown or blackish: 

(6) 

4. Apothecia spatulate to fan-shaped: ^pathtilarm. 

4. Apothecia clavate: (5) 

5. Spores 1-celled: Mitrula, 

5. Spores 4-iuany-celled. ^ Microglossum. 

C. Gelatinous: Gloeoglossum. 

6. Not Gelatinous, without spines : Qeoglossum. 

6. Hymenium beset with spines: Trlchoglossum. 


(i) Ascodolaceae. 


j. Spores hyaline (2) 

1. Spores at length violet or brown: (3) 

2. Apothecia hairy : Lasioholua. 

2. Apothecia smooth: Ascophanoua. 

3. Spores in a gelatinous envelope : Saccoholua, 

3. Spores not in such envelope. Aacoholua. 

(k) Pezizaceae. 

1. Cup externally hairy : Lachnea. 

1. Cup smooth on outside: (2) 



MICHIGAN ACADEMY OP SCIENCE. 247 

2. Cup 'split down one side, ear-shaped : Otidea. 

2. Oup not split: (3) 

3. Juice of fresh apothecia milky: Galactinia, 

3. Juice not milky: ‘ (4) 

4. Asci stain blue with iodine : PUcaHa. 

4. Asci not blue with iodine: (6) 

5. Spores with reticulate wall: Aleuria. 

5. Spores not reticulate : (6) 

6. Cup sessile; small : Humaria, 

6. Cup more or less stalked : (7) 

7. Cup flattened out : Discina. 

7. Cup goblet or beaker shaped: Geopyxis, 

7. Cup on a long rough stem : Macrapodia. 

(1) Eelotiaceae, 

1, Cup externally hairj^: (2) 

1. Cup not hair}^: (4) 

2. Cup large 1-5 cm., usually bright-red; in the spring. Sarcoscypha, 

2. Cups minute; spores elliptical:..* (3) 

3. Cups delicate, stalked: Dasyscypha, 

3. Cups thick, sessile: Lachnella, 

4. Substratum (i. e, wood) colored green by the fungous: 

Oh lorosplemum. 

4. Substratum not colored green: (5) 

5. Cups dark brown arising from ^^Sclerotia’^ ; pai*asitic on plums, etc. 

Sclerotinia. 

5. No “Sclerotia’^ : (C) 

6. Cup cartilaginous or gelatinous; spores many-celled: Conjne, 

(> Cup waxy or tough: (7) 

7. Spores hyaline, 1-celled : Hymenoscyplia. 

7. Spores hyaline, 2-4 celled: Helotium, 

(m) Mollisiaceae, 

1. Cups gelatinous-homy ; spores 1-celled : OrMlia, 

1. Cups fleshy -waxy: (2) 

2. Cups on a mycelioid subiculiim: Tapesia, 

2. Cups without subiculum: (3) 
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3. Cups from the first upon the substratum: spores 1-celled hyaline, 
longish : MolUsia. 

3. Cups at first immersed in the substratum; spores 1-celled: .(4) 

• 

4. Cups bright-colored: Paeudopeziza. 

4. Cups dark, margin fringed: Pyrenopeziza. 

(n) Patellar iaceae. 

1. Cup free, sessile, round; spores 2-celled, becoming brown: Karschia. 

(o) Cenangiaceae, 

1. Fresh cups leathery, horny or waxy: (2) 

1. Fresh cups gelatinous: Bulgaria. 

2. Htroraa present; sjiores many, con idi alike, germinating in ascus: 

Tympania. 

2. Stroma not present; spores one-celled, hyaline: Cenangium. 

2. Cups large, blackish-brown, eaespitose. stalked, urn-shaped, first 
closed; on buried slicks; spring. (Jrmtla. 

( Urntfla Crateri um ) . 

(o) Tnherales. 

Plectaaralca. 


1. Fruit-bodies subterranean (2) 

1. Fruit-bodies not subterranean: ‘ (3) 


2. Fruit -body with passages (Veins) branching tliruout it, and opening 
to the exterior; the passages are lined with the hymeniura. 

Tuber. 

2. Fruit-body with a sharply differentiated thick peridium; hymenium 
irregularly distributed in masses, se[)arated by sterile veins. 

Elaphomycea. 


3. On old bones, hoofs, horns, hair, wool, etc., of animals; fruit-body 


usually stalked, capitate: Onygena. 

3. Not on bones, etc.; fruit-body not stalked (4) 


4. 


Fruit-body usually in the interior of decaying vegetables, bread, etc., 
found with difficulty. The ^imperfect stage^’ everywhere present 
as a ^inould.” Aaperigillua. 

PemcilUum. 


(P) Ewoaacalea. 


Exoaacaceae. 


(Causing deformities on shrubs and trees.) 


1, On leaves of Peach trees: (Peach-leaf Curl. Exoaacua deformans. 

2. On fruit of Plum and Wild Cherry: (Plum Pockets.) 

Exoaaeua pruni. 



MICHIGAN ACADEMY OF SCIENCE. 


249 


3. On Cherry-trees: (Witches’ brooms.) 

4. On birch : (Witches’ brooms.) 

6. On alder-catkins ; 

6. On carpinus: (Witches’ brooms.) 

7. On poplar-catkins: 

April 20, 1911, Univ. of Mich. 


Exoascus cerasi. 
Exoascus turgidu 8 . 
Exoasciis ainx-incame. 
Exon 80X18 carpini. 
Taphria aiirea. 
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MEASURING THE TRANSPIRATION OF EMERSED WATER 

PLANTS. 

CHAS. H. OTIS. 

The evaporation taking? place from free water surfaces has been the 
subject of much experimentation during the past century and the laws 
governing this phenomenon have been quite definitely stated. But, al- 
though the matter is of great economic importance in regions of small 
rainfall and scant water supply, no one has yet determined what is the 
effect of emersed water plants on the evaporation from a water sur- 
face. During the summer of 1010 the writer carried on some experi- 
ments at Portage Lake (Washtenaw Co., Mich.) to determine what 
relations, if any, exist between tlie evaporation from a free water sur 
face and the evaporation from a water surface occupied by certain 
plants growing in the water, but extending above the surface to a 
greater or less extent. 

The apparatus used consisted essentially in a battery of nine large 
metal tanks supporled in the water by two pontoons, each of these 
tanks being provided with a device for measuring the evaporation from 
the tank. A recording thermometer was maintained within a few fe<‘t 
of the battery, while a barometer, a psychrometer, thermometers for 
taking water temperature, and graduates for measuring the amount 
of water evaporated were employed. 

The tanks were constru(*ted especially for this work and were 30 
inches in diameter by 32 inches in depth, inside measurements (Fig. 
1). The cylinder and bottom were of he^avy galvanized iron riveted 
and soldered. A heavy iron band encircled the rim, serving the double 
purpose of preserving the circular shape of the rim and of a su])port for 
the tanks. Light(‘r iron bands were placed at intervals along the height 
of the tank, to which wei*e riveted interaal iron braces, one of Avhich 
may be seen at a, Fig. 1. The bottom of the tank w^as raised 4 inches 
from the edge, allowing tw^o by fours to be fitted and spiked to the 
sides as a support for the bottom (Fig. 2). Holes w^ere drilled in the 
uppermost band, allowing the tank to be supported by spikes driven 
into the cross pieces of the pontoons. The object was to obtain a tank 
so solid that it would not become deformed by the tilting caused by 
wave action, since any deformation of the tank while in position would 
cause a corresponding change in its volume. 

The success of this apparatus w-as due in large part to a unique 
measuring device which was an integral part of the tank. A hollow 
brass tube extended through the center of the tank. The lower end of 
this tube was screwed into a socket which w^as riveted and soldered 
to the bottom of the tank in a central position, while its upper end 
terminated in a heavy brass socket into which fitted a solid brass rod 
w^hich was held in place by a set screw" in the side of the socket. This 
rod was pointed at its upi)er end, and, being turned up in a lathe. 
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any point was uniform (as to the angle of the point) with any other 
point. The points were finished on an oil-stone, until a microscopical test 
showed them to be all of the same degree of sharpness. The angle of the 
cone was 45®, which was found to give the best results. Screwed into 
the sides of the socket at angles of 120° with each other were three 
iron radius rods terminating in the heavy iron band at the rim. By 
means of lock nuts and gaskets on either side of the tank these rods 
could be shifted, allowing the point to be centered with ease and ac- 
curacy. This was essential, for, with the point located centrally, it 
was possible, at least theoretically, to make correct readings whether 
the tank was veitical or tilted slightly. 

Utilizing as it does the principles of the well-known Hooke gauge 
quite remarkable results were realized with this apparatus. Suppose 
thJit water is poured into a tank until it reaches the extremity of the 
point. By placing the eye close to the level of the water a position is 
found where the entire surface of the water appears like a bright mir- 
ror. If, now, a small quantity of water is removed, there appears in the 
center of the mirrored surface a minute black spot, which, though small, 
is readily distinguishable. Upon removing a little more water this 
dark spot rapidly enlarges, spreading out in a circle around the ex- 
posed point. Upon slowly replacing the water wdiich was removed the 
dark circle diminishes in size, and at length a point is reached where 
it disappears entirely. If the fitiger is touched lightly to the water so 
that a tiny wave is sent across the surface, the spot bobs into view 
momentarily, showing that the point is just beneiith the surface. Ex- 
perience showed that this phenomenon was most readily observed when 
the sun was low and the light W’as less intense than at midday, that is, 
near sunrise and sunset. At noon the sun on a clear day is so intense 
that the eye is flooded with light and the dark spot is not readily seen. 
Again, at daybreak and sunset the air is almost calm, thus facilitating 
the operation of measuring and rendering the measurement more exact. 
Repeated observations under all conditions showed that on the average 
a change in the height caused by the adding or subtracting of 25 c.c. 
of waler could be distinguished. Since the ai*ea of water surface in 
the lank approximalcd 4,575 sq. cm., this volume amounts to a theoreti- 
cal diflerence in height of l-20th of a millimeter. 

The pontoons wdiich supported the lanks in the wmter consisted of 
twm boxes 14 feet long, 12 inches wide and 14 inches deep, constructed of 
rough hemlock lumber and covered wi(h a good grade of asphalt roof- 
ing felt. The top was left loose so that any water which might get 
into the boxes might be bailed out and rocks might be put in to sink 
the tanks to the reijuired dejdh. It was found to be an advantage to 
have these boxes made extra large in order that the necessary work of 
filling the tanks with soil and plants might be done from the pontoons, 
rather than from a boat. Cross members held the pontoons rigidly in 
place and the tanks were spiked to these. Poulti*;s’ netting o.! 2 inch 
mesh was placed around the finished raft to a height of a foot, and also 
in the spaces not filled by the tanks. The purpose of the netting was 
to keep out the turtles which sunned themselves by the score on the 
pontoons. The station was sheltered from the prevailing westerly winds 
by the close proximity of a narrow nock of land which shut off the 
high waves. There was no natural protection on the south and east, 



252 


THIRTEENTH REPORT. 


hence a break water was constructed far enough from the pontoons 
to allow a boat to pass between. The other two sides were closed in by 
a log boom, whose purpose was to keep inquisitive visitors at a proper 
distance. 

Native plants for the most part were placed in the tanks, the water 
depth being regulated to suit the naturfil conditions of the various 
species used. Reference to the accompanying diagram will indicate the 
position of the various plant groups. Two tanks, as indicated, con- 
tained neither soil nor plants and were used to obtain the figures for 
the evaporation from the free water surface. The points were so placed 
that the surface of the water in the tanks was l%ths inches from the 
rim. Every leaf outline was traced on paper and evei^ leaf stalk was- 
measured at the beginning of the experiment, after which the pontoons 
were filled with rocks to bring the rims of the tanks to within 2 inches 
of the surface of the lake. As leaves died from time to time during the 
progress of the experiment, a iword was made of the area of the leaf 
and time of its removal. At the close of the experiment the leaves 
and stems were again measured so that a tuirve of growth may be 
made for the period of time consumed, from whi(*h the area of surface 
exposed to the air at any time and for any species may be taken. 

Measurements of the evaporation were begun August 8th and were 
continued with some interru])tions until August HOth. Readings were 
made twice daily when weather conditions permitted, once in the ejirly 
morning and again in late afternoon. A record was each time made 
of the volume of water added to bi’ing the water level to the normal 
point. At the same time the temperature of the water within the tank 
was taken, both at the surface and just above the soil. The tempera- 
ture of the water of the lake at the station was likewise ascertained 
both at the surface and at a depth of inches. A whirling psycliro- 
moter was also used to ascertain the wet and dry bulb temperatures, 
from which the relative humidity has been derived. 

Some of the data acquired at this station have l>een worked up. For 
the sake of ready reference and comparison these figures have been 
plotted graphically, charts I-A’II. Chart I shows the evajjoration which 
took place from the two control tanks, the average being represented 
by the heavy line. (Fractions of centimeters have been dropi>ed to 
facilitate the plotting of the lines.) It will be noticed that the rate of 
evaporation from the free water surface was greater during the day 
than at night. A glimpse at charts II-VII shows this to a more marked 
extent. Allowing for any considerable error which might occur, these 
charts show conclusively that unsubmerged water plants transpire large 
quantities of water, and that this takes place principally during the day- 
time. The one exception in the plants used is the Water Lily. In 
this case the presence of the plants retards evaporation. It must be 
understood, however, that these figures refer only to plant stands in 
the open. They do not explain the conditions in case« of large areas 
of dense growths. It should be remarked, also, that in those cases where 
a large leaf surface was presented, as in the cases of those tanks contain- 
ing Pickerel-weed, Arrow-head, and Cattail the results charted are 
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rather too small, since the cooler leaf, masses collected a considerable 
amount of moisture in the fop^ which arose frequently during the 
night. This condensed moisture ran largely into the tanks, thus making 
the reading indicated too small, udiile some remained several houi‘s 
on the plant surfaces before it was evaporated, thus retarding transpira- 
tion from tlie wetted parts. 

The results so far obtained are but preliminary, and, while comi)lete 
in themselves, they are in no resi)ect final. Sufficient data are at h.and 
to make further deduction.s. and these will be included in a later paper. 

Ann Arbor, Mich., xS.pril Ild. Iftll. 
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IS THE PREVAILING TEACHING OF THE LAW OP DIMINISH- 
ING RETURNS JUSTIFIED? 

HERBERT ^DOLPHUS MILLER. 

It seems to be peculiarly difficult for men, whether in science, politics 
or religion, to give up a law or doctrine which has become a slogan to 
them, after it can no longer be justified. This is true of the law of di- 
minishing returns which economists have considered to be fundamental 
to much of their reasoning. I have been able to find only one promi- 
nent economist of the present day who has made any definite attack upon 
this ^T^aw.” 

Simon N. Patten, in the ^^New Basis of Civilization’^ says, ^‘The law 
of diminishing returns was discovered by the most stupid body in Eng- 
land — a committee of the House of Lords. English agriculture at the 
close of the Napoleonic wars was so abnormal that anyone could see how 
the high price of food brought poor land into cultivation. A committee, 
even if it was stupid, could not but stumble on the pertinent facts that 
formulated the law. Rut their perception of it does not account for its 
subsequent vogue. The real question of control is: Why did a nation, 
naturally optimistic and in a period of rapid industrial advance, accept 
the hopeless doctrine and permit it to curb their thinking for genera- 
tions? Why also do teachers in America, where notoriously it never 
has been in operation, hold devoutly to it and spend their lime expound- 
ing a lame philosophy to their classes?” 

Professor Patten does not follow this statement with a specific dis- 
cussion as to his reasons, although his whole book is based on Ihe 
principle of increasing returns. 

Since I am not an economist but a dabbler, I feel a little rinccriain 
how the position should be defended. I have looked caveFully Ihrough 
the books of modem writers on economics and find that all lay much 
emphasis on this law. The following are typical definitions from ]>romi- 
nent economist : Seligman in his ‘‘Priuci])les of Economics” says that 
^^The law of diminishing returns is * * * tlie foundation of the law 
(»f I'ent. A farmer vdll sometime reach a point where it will not pay him 
to add another laborer or another machine to his land because beyond 
the margin of profitable expenditure every ad<ii1ional ‘dose/ of capital 
or labor will mean a return insufficient to cover rost » ♦ * The law 
of diminishing returns is universal and applies to everything that pos- 
sesses value.” Professor Seager in his “Introdiictioii to Economics”* 
says, “After a certain point has been reached in the cultivation of an 
acre of land or exploitation of a mine increased applications of labor 
and capital yield less than proportionate returns in product, it being 
understood, of course, tliat no impprtant change is made in the method 
of cultivation or exploitation.” Carver in his “Distribution of AVealth” 
goes more into detail and proves the law witli niathemiitical exactness. 
In fact he is so clear that he seems to be proving the obvious. How- 
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ever he offers as an excuse that such proof would not be needed ^‘had 
not certain winters seen fit: to deny it because it did not harmonize with 
their views of economics, and certain would-be reformers to ignore it 
because its recognition would interfere with the acceptance of their 
reforms/’ 

Such a reformer, I suppose, he would call Wm. H. Allen of New York 
who said in a recent article in the Annals of The American Academy 
that ^When John J). Rockefeller said to the world ‘There will never be 
enough money to do the world’s uplift work,’ he started in motion 
forces and doubts and compromises that will do vastly more harm to 
the south than the hookworm.” The reason Mr. Rockefeller made such 
a statement was that he was obsessed by the law of diminishing letnrns 
which closes the door of hope, because as Patten indicates, hopelessness 
is inherent in a world of diminishing returns. 

Many who argue for the truth of this law quote not only men of suc- 
cess like Mr. Rockefeller, but any business man or farmer who finds him- 
self face to face with the law. The difficulty in both cases is that tlie 
individual is looking at production from his personal point of view, and 
not from the point of view of production as a whole. The economists, 
however, ought to see principles in the large. 

Kcientilic* laws are much like creeds. Someone has an insight which he 
formulates, and for him and some of his successors the formulation 
seems to satisfy the conditions and the needs. Bo an economic law is 
the classification of a group of facts as someone's insight sees them: 
but as with the creed, men may make the fatal mistake of thinking it 
an eternal truth. There was a time when belief in hellfire was an in- 
centive to morality, but now many of us succeed in getting a degree 
of morality when in the state of mind of the small son of a famous 
modern philosopher who asked his mother what hell was. Bhe describefl 
it to him and at the close added, “But there are some who do not be- 
lieve* this.” The boy replied, “Mamma, I am one of those.” There was 
a time when the law under discussion had a vital meaning to the race, 
but I am one of those who think that a new formulation is in place, that 
here is a case where orthodoxy does not mean clear thinking. 

The fallacy common to Seligman, Beager, Carver and the others is 
I hat of emj)liasising archaic conditions. Seligman, for example, was 
talking about equal “addilional doses” of capital and labor; and Seager 
at the close of his definition said, “it l>eing understood, of course, that 
no important change is made in the method of cultivation or exploita- 
tion." Now of what earthly good is a law for such conditions? If 
there is any indisputable fact in the world it is that important changes 
are being made in the methods of cultivation and exploitation, and, 
as for equal “doses” of capital and labor, who is so simple as to think 
of adding them? The question is not that of adding another cartload 
of the old fertilizer to a wheat field, but of adding some new fertilizer, 
exactly fitted to the wants of the crop, by which it may be doubled 
in qujintity. It is not a question of adding a man with a sicKle, but 
of adding a man with a mc^em harvester; not of sowing the old seed to 
yield tenfold, but the new seed to yield an hundredfold. Capital is 
multiplying so rapidly that it worries some people, at least, to know 
what to “dose” and invention multiplies the units of labor so fast that 
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they outsirij) even our imagination. Now, to be sure, individual far- 
mers must l»ave praetiral methods of directing the expenditure of what 
capital and labor ihey have, and the law applies to them since each 
one is more oV less in an eddy, just as I am in the matter of capital. 
I liave little more than I had before the last multiplication of the capital 
of the world, but I am not so ]»ersonal as to deny the incre^ise. I claim 
to be part of the age of airships though T have never seen one and am 
no nearer an automobile than a state of covetousness. I try not to 
be like the woman in a small town who came to me after a lecture in 
uhicli T had said that since three-fourths of the women in that villiige 
bought their bread from bakeries where it was made by men they could 
retain their power over bread making only by voting, she confidentially 
told me that she made her own bread, and hence did not see any need 
for women’s voling. It seems to me that an economic law ought to be 
comprehensive enough to summarize the individual cases. 

Professor Carver shows conclusively that in an individual case the law 
of diminishing returns may work exactly. He even shows that large scale 
jiroductioii does not overthrow the principle; but he does not consider 
the pertinent fact of modern industry, that invention,. organization and 
efficiency make constantly (‘hanging conditions, and that ^^equal doses'’ 
are out of date. He admits that the law is more evident when applied 
to stationary civilization, saying, ‘‘If civilization should reunain sta- 
tionary while population increases in dejisity there would be fi smaller 
per capita production because of the law of diminishing returns. The 
terrible reality of this law is witnessed by the overcrowding of those 
populations where, as in the unchanging East, civilization has b(icome 
stationary.’^ “I reply, “to be sure,” but modern economics is neither his- 
tory nor anthropology, and what should be taught in our colleges and 
to John D. Rockefeller, is a principle that applies to a progressive civil- 
ization. Again Carver says, “but with respect to the livelihood of a 
complex population considering all its industries in a mass, the opera- 
tion of the law is not so clearly perceived.” Again I say, “to be sui^e," 
because under such conditions it is not operating. And at the end of 
his long chapter, considering the relative productiveness of diffenmt 
sorts of labor, he states, “that nothing could prevent its (the former 
of the cited classes of labor) declining relatively to that of the latter 
class except a radical change in the system of industry, which would 
call for more than a proportional increiise in the foniier class.” The 
contention of this article is that there has been this radical change 
in the system of industry, that increases are becoming more than pro- 
portional and that we are not yet even in sight of the beginning of the 
end. I am perfectly willing to admit that the law of diminishing re- 
turns has an illustrative value, but it is taught in most courses and 
economic articles as though the world in which we live were about to 
sujBfer from its “terrible reality” as it would in a world of stationary 
civilization. At a recent large gathering of economists there were but 
two expressed exceptions to the opinion that immigration was about 
to become dangerous because the additional numbers would make com- 
petition too keen. They thus implied the fear that this bugbear law of 
diminishing returns will soon deprive us of enough to eat. The whole 
djjaculty is a mistake of unjust and unequal distribution of wealth for 
am application of the law of diminishing returns. I presume that Mr. 
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Rockefellers difficulty arises from the fact that any other method 
of distribution than that which has been contributory to his own suc- 
cesses is inconceivable. But economists ou#;ht to be able to see produc- 
tion and distribution at the same time, and in their totality. 

The law of diminishing retunis is intimately related to another famous 
and equally archaic economic law, viz.: Malthus’ law of population. 
The substance of this law is that population tends to increase faster 
than the means of subsistence. There is someihin^ in this. It works 
in determininji: the number of wolren, but the last census report does 
not show hyunmn population in America confirming it. It is always a 
great satisfaction to find a single principle which will explain a condi- 
tion ; but we are bec oming more and more convinced that social phe- 
nomena are the product of numerous forces and are not reducible 
to a single law. Malthus’ law does not care whether a single family 
has many or few children, but whether population is increasing or 
decreasing. So the law of diminishing returns ought not to be limited 
to individual production but extended to production as a whole. It is 
quite true that the surface of the earth is limited in extent, and that 
the po]nilation of the earth is multiplying; but it is likewise true that 
the sun is losing its heat, and that sometime the earth will be unin- 
habitable. Any physicist might logically teach his classes the desir- 
ability that the human race accustom itself to the idea of being frozen 
out. Hut whatever the logic of the question it would and should make 
very little impression on the average healthy-minded individual. Our 
problem presents a very similar situation in which \ye may justly ques- 
tion whether a healthy-minded person should have any fear about the 
exhaustion of the projier number of food units that may be required, 
even if he is as far sighted as a Conservation Congress. 

Soon after Malthus had written his book, his theory fell into disre^ 
pute because of the opening of the great interior plain of the Uniteni 
States. But thinkers soon saw^ that the princi})le was just as true as 
before, though the pressure of conditions was temporarily postponed. 
But now that we have come practically to the cnid of free land we seem 
to be nearcM’ than ever to the threshold of the catastrophy. b^ven such 
a good thinker as Joseph L. Lee the Boston philanthropist feels it for 
in speaking about immigration he says ‘^Vmerica is not infinitely large. 
It will in my case — in what, compared with the long future, must be 
regarded as a very short tinu*^ — ^bec ome so crowded that any further in- 
crease of the population — except at a comparatively slow rate can be 
made only at the cost of lowering the general standard of prosperity.’’ 

Land, however, is only one of the three factors in production. The 
incalculable additions to labor and capital in the last generation are 
so much greater contributions than more land could be that we are 
getting farther and farther away from,, rather than nearer to the cat- 
astrophy. To return to the analogy of the sun’s heat: it is of course 
true that the sun cannot continue to give ofC heat forever and remain 
as hot as before. But we have an interesting condition arising from 
the fact that though the sun is radiating its heat and thus diminish- 
ing its potential energy, yet the process of contraction which is taking 
place within, the sun causes it to generate heat as rapidly as it is losing 
it, and while this is not a perpetual motion machine, for the purposes 
33 
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of giving? rontinuily of heat to the wirth it m a perfectly satisfactory 
arrangement. 

In like manner it makes no differenc e whether we get more land, or 
more productivity from the same land. Malthus said tliat ]) 0 ]mlation 
tended to multiply by ge<mietrical progression, while the means of sub- 
sistence multi])]ied by arithmetical progression. This is true so long 
as the proc ess is on an '"ecjual dose’’ basis. But the conspicuous fact 
of modern times is that means of subsistence are multiplying at a rate 
which make>{ the multiplication of population look like tlie pace of the 
historic toTtoise compared to that of AchilU^s, wiiom logic tried to keep 
from catching up. The logic of the law of diminishing returns is of the 
same tyj>e. Professor Carver shows that on a certain area , of land 
twenty men can produce more per man than fifty though the total pi’o 
duction of the twenty men is but .*^80 bushels com])ared with 050 busliels 
I)roduced by the fifty men. As a. matter of fact, in spite of Zeno’s logic 
we know that Achilles could overtake the tortoise, and we likewise know 
that the 050 bushels are being produced, and that everybody has more 
to eat than formerly. If jnagmatism is justified anywhere it is in 
such considerations. 

A farmer recently told me that his father ])aid for his farm, fifty 
years ago, by (‘arrying the mail on foot from Jackson to Grand Rapids, 
Michigan, one liimdred miles, taking just a w(‘ek for the round trip. All 
tli(‘ information lie carried C(nild now be transmitted by wire in three min- 
utes and the increase in the amomit now transmitted per man in the mail 
service* ]ku* \>’(*ek is geoinetrbal ]u*ogression under a tnmiendouse ratio. 
From this same farm his father hauled his wheat thirty-five miles to 
Jackson, taking approximately fifteen hundred jMumds to the load, and 
requiring three days for tin* round trip. The Mi(*liigan Central freiglit 
can now transport wheat at least sixty thousand times faster; so that 
even though the most liberal division be made as to the ])arl contributed 
by an (‘(piivalent of a single man and team now, a man’s prodnclivitv 
is multiplied several thousand times. This is what we add instead of 
an equal dose. It may claimed, however, that the introduction of the 
railroad brought a j>criod of j)licri(»m(‘iia] iiKTeasiug returns, bnt that 
they were not maintained. It is a fact that there lias not been an in- 
( rease in speed at all in proportion to the outlay devoted to increasing 
sj)eed, and the law of diminishing n^turns seems herein to be finely 
illustrated. However, increase in transf>ortation does not mean simply 
inci’ease in s])eed, but much more it means number and extent of per- 
sons and tilings that ( an be tran.sported in a given time. The number of 
people who have been brought into particijiation in transportation 
througb tlu^ ex^temsion of the railroads, the increase in the power of 
locomotives, and the organization of the systems, demonstrates that 
the rate of progress has been (Continuous and of the same radical char- 
acter as tin* cliange from Htagecoa(*h to exjiress train. The exhibition of 
increasing returns is multifarious. During the Boer War I received the 
evening paper in an interior city at five-thirty p. m., and read of battl(?s 
that occurred at six o’clock that same afternoon in South Affica. This 
was in Tennessee near the home of Andrew Jackson who fought the 
Battle of New Orleans after the war was over, and he did not then hear 
of peace until several weeks after it had been declared. * 
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Increase in uniis of production does not consist merely of adding 
similar nnil». The saving of time by rapid transportation and inter- 
communication, the organization of capital so that i1 may be tuimed 
over several times whei’e formerly it could perform but one service, 
makes a multiplication almost inconceivable, and everyone knows that 
in the land of invention and organization we are just beginning to open 
up discoveries for entry; while the division of labor and the application 
of Ihe processes of efficiency-engineering give a potentiality to the ])res- 
eiit units of lalmr Hint is revolutionain\ If we will project our imagina- 
tion, keeping within the limits of reason, we (an predi(‘t that the rate 
of progress will be continuous. It is quite conceivable tliat before this 
generation is passed we shall plough with power generated by the tides 
and transmitted by wireless pi*ocesses, and that radium will be har- 
nessed so that its incalculable energy (*an l>e used. With the tremend- 
ous increase in jk)W(u* the surface of the earth can be enlarged indeli- 
nilely. Why should not tJie plains of li^urope and America be set on 
edge, or Avhy should not artificial heat and light make possible sev- 
eral layers of productive soil, and certainly it can Ik* employed all the 
year round. Ali-eady sanitalion and invention are making possible 
the exploitation of the tropics, the really ])rodu(*tive regions of the eartli 
which hifh(*rto have bf*<*n un developed. Men can soon work where they, 
cannot live continuously because th<*y can (^ommute in airships and 
change climatic conditions daily. 

In the light of thc*s<* facts and fancies let us consider the validity of 
Mnlthus’ thre(^ yudnciples : Population is necessarily limited by the 

ine^ius of subsist (*nce.’' This is more imhginative than dangenMis, for, 
since ‘bueans of suhsistciu'e^' is psychological as well as pliysi(‘al. it 
can not Income a mathematical term. Nowadays our magazines are 
telling us that (.‘onsumption of one-half or one-third of the “means of 
subsistence'' would add gr(*atl.v to our efficiency. T myself have made a 
d(»tinit(* Induction in the amount of food con sum (*<1 and thereby multiplied 
my elfici(*U(‘y. Furthermore, it is undoulded that the science <^f nutri- 
tion is goHig to add many units 1o the foc^d sn])ply by subtracting 
the injurious, the wasted, and the uniUM^essary. This is the ]>rospect 
before* us, but in the m(*aTitime, with all the natural forces for multi- 
pli(*ation of po]>nlati()ii ac1iv(*, nevertheless the* means of subsistence 
has increased far beworid any proportions tliat have before piwailed. 
Tliere is not the slightest evidence today that menus of suhsistonce is 
dire(*tly atfecting the inciTase in population. 

‘‘2. Poinilati^m invariahly iu(‘reases where the means of subsistence 
increases, unless pr(*vent(*d by very ]M»werful and obvious checks.'^ This 
is so untrue today that it is not ojkui to argument. In fact the ]>ortion 
of population having the greatest means of subsistence is standing still 
while the pooj^est furnishes the gmitest iniTease. To b(» sure, the 
standard of life may be the line at which the force of the means of sub- 
sistence is defined, hut this is a psychological line. The rate of in<*/ease 
is not lessened by any pow(»rfiil and obvious (*heck, and it is not begin- 
ning to keep up with the rate of increiise of the means of subsistence. 
There never was a time when the world was as well fed as at the present. 

^^3. These checks and the checks which repress the superior power 
of population and keep its effects on a level with the means of subsis- 
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tenco are all resolvable into moi*al restraint, vice and misery.” Professor 
Patten in his last book, “The Social Ilasis of Religion,” says, “Sin is 
misery; misery is poverty; the antidote of i)overty is income.” If the 
signs of the times means any thing, there is an increase in the world’s 
income and a potential decrease in the world’s misery through better 
distribution. Misery, then, with its accompanying vice cannot be the 
result of the law of diminishing returns, for returns are increasing. 

Since the means of production arc land, labor, and capital, and the 
methods of capitalistic-mechanical production increase the possibilities 
of the last two indefinitely, the resources of production show no moni 
signs of being exhausted than the heat of the sun. Our census returns 
show that the population of the United States has increased 21% in the 
last decade, that urban population has increiised even more, and that 
many of the best rural districts have lost population, and still theix} 
has been a dispro])ortionate increase in (he amount and variety of food. 
These facts make it absurd to ai'gue that, as applied to production in 
the large, the law of diminishing returns is a factor to be considered. 
Why then in the teaching of economics, and in business is not the ein 
phasis changed so that the fallacious Rockefeller point of view will not 
be attained? For obviously, as Patten says, our modem progressive 
civilization has passed the line of deficit and is capturing broader and 
broader fields of surjtlus. If we arc going to retain a full treatment 
of this law and jfalthnsatiism in our text books, could it not be 
labeled as an historical condition of which occasional relics may still be 
found? In answer to the argument that it is essential (hat we take the 
law as a starting point for the explanation of economic phenomena, 1 
would reply that the explanation is good only for a condition that is 
stationary and looks to the past. May we not demand that in some 
way economists should frame a law in which, as in the law of the mov- 
ing point by ■which the hyperbola is traced, the prophesy of the future 
should be as perfectly expressed as the histors’ of the past and thus 
looking ahead, give us a tnie description of modern conditions of pro 
duetion ? 

Olivet College, April, 1911. 
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THE SIGNIFICANCE OF WAGES IN THE PRESENT LABOR 

PROBLEM. 

EDWAED M. ARNOS. 

The problem kiiAirti ai? Hie labor problem may be properly divided 
into two disfinct parts; that is. the conditions of the place of employ- 
ment, and the conditions of the payment for the service of labor. I 
shall attempt to analyze the problem according to this definition, and 
deduce some conclusions from the analysis. 

T. — THE CONDITIONS OF THE PLACE OP EMPLOY.MENT. 

Students of the pre-industrial revolutionary period agree that the 
laborer's iiroblem then was to be able to produce enough. The condi- 
tions of the iilaee of employment were well enough regulated so that 
none of tlie problems of today, such as accident and employer's lia- 
bility, com]iensation acts, industrial diseases, long hours and excessive 
work, confronted them in the sense that labor is confronted by them 
now. T am not unmindful that the hours of labor were long, and that 
the sanitary condition of the place of emjiloyment was not excellent; 
but those condilions w(‘re under the supervision of the employees them- 
selves, and wen‘ dne not to negligence but to ignorance, and are there- 
fore not con<lemiied by the same principle. Their problem, namely, the 
problem of production, was solved by the introduction of the factory 
system. The thing that made it possible for them to y>rodiico more, so 
that the question of j)roduction was removed, was the tiling that created 
our present labor problems. It transferred the laborer from one place 
of employment to another, llis home censed to be his factory. Along 
with that transference of the ]dac.e of employment went his power to 
control the conditions of the place of employment, and also the power 
of socitdy to jnsll> determine the amount of jiroduct which each laborer 
added to society, in that, as the division of labor bwame more extensive 
nnd(»r the taclury system, no one could tell liow much each laborer 
produced, as could be done when the laborer worked in his own home 
and produced the commodity to a finished product. 

1. Machinery — The greatest of the forces of danger brought to the 
laborer by the factory is that by machinery. I have been unable to 
find satisfactory statistics of industrial fatalities dne to machinery; 
but statistics collected by individual investigators, the Pittsburg Sur- 
vey ill ‘‘Work, Accident, and the Law,” p. 14, shows the number killed 
by machinery in Allegheny County for one year as 526, as the number 
that came to their notice. Probably more occurre<l. Indeed that is 
an extreme case, but represents the importance of the laborer’s prob- 
lem with machinery. This does not consider the suffering and loss due 
to non-fatal accidents. The same investigation shows also that the 
great percentage of these accidents were preventable. That being the 
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case, the problem of machine accidents is a problem of short duration 
only, provided proper action is taken to procure a remedy. 

2. Poisoning — A second problem is that of industrial poisoning. The 
cases of the use of phosphorus in the match industry and of lead in its 
industries are examples of this jminl. Then' are many kinds of poisoning 
in industry due to the use of poisonous substances in the manufacture 
of goods. The analysis of the cases of poisoning show them to be due 
to either ignorance or carelessness of the employee, tlie lack of foresight 
and care of the employer, and a few non-preventablc causes of imisoning. 
These matters come to public attention when they become destructive 
to life and hefilth. When they do <*ome to notice, they take the usual 
coui’se of legislation for remedy, or the dangers are removed gratu- 
itously by the yiroducers and are remedied within a reasonable period of 
time. 

3. Ventilation — A third problem is that of ventilation. This is ap- 
plicable only in certain industries, pai*ti(*ularly in the manufacture 
of woolen and cotton goods, and raining. Upon the face of the question 
it is evident that any suffering due to the lack of ventilation is due 
to negligence. ^Machinery for systems of ventilation is so well known 
that there is no excuse for any plea ’against an etlicient system of ventila- 
tion. The laborer suffers, but he suffers not because of the la(‘k of 
any knowledge which society has, but because that knowledge is not 
used. To base the labor pr*oblem upon any such scheme would be to 
consider the ymoblem as a very sinqile case, and unworthy of serious 
consideration. 

4. The Hours of Worlc — The hours of labor whi(‘h the laborer must 
perfforni has the most severe results. The effects Avhi< h the number of 
hours of labor has upon the laborer are far-reaching. It may be the 
cause of some sevei*e illness. It may he the cause of some severe a(*ci- 
dent. I have seen laborers go from the factory so coini)letely exhausted 
by the hours of labor that they were unable to eat. A man in sm-h physi- 
cal (M)ndili(»n does many things which he would not do when in the proper 
physical condition. He may stoop to wash his hands or rub his hands 
uitli a rug, not noticing the belt which is ready to grab him and tear 
off a limb or kill him. He may come in contact with some contagions 
disease, his physi(|iie not being in position to keep it off, due to an ex- 
cess of labor; or it may be the direct cause of the degeneration of the 
character of the man. Not having time to (mjoy any recreation, not 
having time even to develop the ordinary ca])acities of a man by mean‘s' 
of having the ordinary ac(|naintan(*e with, current events, takes a man 
entirely out of <*oinmunication with the world, destroys all interest a 
man may have in society or in himself. It leavers foi» the man notliing 
to lose by whatever acts he may perform. Tlie only thing he has is 
the present misery. To relieve himself of it he takes to drink, 
and through tlie saloon affiliates himself with all of its institutions. 
That this is the usual course of a laborer laboring an excessive number 
of hours is needless to deny. Jjife benrs it out in many cases of a 
group of ernployes with an excess of number of hours of labor. 

This most serious portion of the laborer's difficulty arising from the 
conditions of the place of employment in hours is already largely solved 
through the eight and nine hour day in ihany of the industries. The 
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steel industry now probably presents the most serious result in i*egard 
to hours of labor. The seriousness of this problem is divisible into two 
parts : The exhaustion of the laborer due to long hours, a l^bor prob- 
lem ; and reduced wages in correspondence to reduction of hours, a wage 
problem. Doubtless the significance of this problem is greater in the 
latter case. Ein])loyers would have no reason to refuse shorter hours 
provided the wages per hour remained the same. The significance of 
this is wages, not labor. 

II. — CONDITIONS- OF THE PAYMENT FOR THE SERVICE OF lAROU. 

1. statement of the. Case — It is to be observed that although the 
questions just considered are temi»oraiy and curable, when they are cured 
others are always priisent ; so that there is that distinct featuDi of the 
place of employment, that it is not curable. We may remove all of the 
evils that confront us at present, but that would not be a solution of 
the labor problem in the place of em})loyinent ; for as long as men asso- 
ciale with each other in work there will lie some problem for them to 
solve. That, however, is not the case with the question of the payment 
for the servii'e of labor, or wages. The x>resent wage system is the 
natural outcj)me of the development wdiich industry has gone through in 
the last few centuries. When men found that they could not X)i*odiice 
enough separated from each other in industry, and it was found nec* 
essary for them to associate themselves together in the factory system 
so that they (*ould ])roduce more, 1hei*e was no other way for theui to 
divide uy> than to divide a('eoi‘ding to the product of each man's labor, 
as measured by competition between individuals producing the same 
thing. 1 understand that men sold their labor for money before the 
beginning of the Industrial Revolution; but take from Arnold Toynbee 
that sucli wages were always sujiplcmented by land holdings and little 
was (hns sold. 

The develojuneiit of the factory sysleiu extended the gronj) of wage 
earners until iiDw it is altogether the predominant group, in which group 
almost every man can he classified at some period of life or in some 
activity, and a very large iiumlier of men are to be always classified 
there. 

2. The Direct Evils of the Wa</e System as the Result of the Factory 
System — It has brought about a severe class struggle on the y^art of the 
Avage earners. This has increased in intensity year by year in proy)or- 
tion as the dilTereiice between the accumulations of the wealth of the 
Avage earners and the rcAvard to cay)ital increases; that is, as Avealth l>e- 
comes more and more concentrated the laborers and yioorer classes feel 
more clearly the contrast l>etAV<‘en their economic dey)endence and the 
economic independence of the rich class. The ill feeling and jealousy 
which is felt on the y)art of the laborer toAvard capital represents a 
great social struggle. It is distinctly a. struggle of one class against 
another. This is exy)i‘essc*d in our strikes, general industrial wars, in- 
dividual antagonism between members of diffei*enl classes, and local 
feuds as expressed at yiresent in the wide spread ‘^Black Hand” activi- 
ties. 

The day laborer is economically dependent upon one commodity, the 
most perishable of all commodities — labor. Under the present wage 
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system laborers must assume entire responsibility for tlie support of 
themselves and family, and it gives them only their labor with which 
to accomplish this support. By the very nature of that labor it must 
be spent and rewarded for at once, as it cannot be i)reserved. This 
necessities bargaining, and unless ihe laborer is a good bargainer or 
has adecpiate bargaining facilities he will not be able to gain from his 
labor satisfactory returns. So much depends upon his facilities as a 
bargainer that his ability to ]>rocure wages dejiends more upon his 
facilities as a bargainer than his ability as a producer. This condition 
has never been pi*esent in other systems of payment for the service 
of labor. In the cases of slavery and feudalism the laborer was economi- 
cally free. The present system of the payment for the service of labor 
gives the laborer political independence and economic dependen(‘e. It 
has taken great force on the part of society to procure political inde- 
pendence for the great masses of the pojnilation. Some equal force should 
now be made not only to inainlain })olitical indei>endence, but also to 
procure economic indeiiendence. It is maintained by many that col- 
lective bargaining through the organizations of laborers will acconqilish 
this end. I will consider this at another ])oint in this paper. 

The present wage system puts labor to a disadvantage in treating their 
own cases. Firstly, because they are in large numbers; that is, their 
grou]) is large, and the group with which they are treating is usually 
small. Whenever you have a large grouj) treating with a small group, 
the large group is at a disadvantage be<ause a small grou]> can piM- 
cure action qui(*kly and foens their work more quickly, whether that he 
a case in court, or in open bargaining. 

Secondly, capital naturally finds its support by ditl’erent intcTcsts; 
the press finds it lo their advantage to as>sist capital and capitalistic 
interests, thus shaping public opinion againsi its opponents. 

Thirdly, because of being easily influenced by ‘^scarcs.’^ When em- 
ployers A^ant some particular thing and can get it no other way they 
are almost always certain to accomplish it by making some “scare’’ 
genei*ally known. This is carried out in numerous ways; one case very 
clearly before the public now is that of the ojqmsition wiiitdi United 
States Steel is juitting f<»r<h against labor unions. It is generally known 
about tlie plants that a member of a labor union will be discharged, 
thus scaring the men so that you caunot get one of them to talk labor 
unions until }ou have bis (dosest friendship and eonlideiiee. 

3. Remedies — ^Varions schemes have bc*en used to remedy in part or 
in whole the evils of the wage system just mentioned. Firstly, every 
state in the Union has some more or less adequate legislation lo remedy 
the evils to some degree. Almost every state has some legislation rela- 
tive to strikes, lockouts, and general labor disputes, as to their settle- 
ment either by compulsory or voluntary arbitration, and every stale in 
the Union, I believe, has some kind of provision for aged, unemployed, 
and orphans, which affect their economic dependence. 

We have a tendency toward legal proceedings in settlement of labor 
questions. Many employers are inviting their employees to consult with 
them in the settlement of questions which concern both classes. In 
some cases the em])loYers even go so far as to invite employes’ repre- 
sentatives to consult with them as to the substitution of labor-saving 
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machinery for older methods where the employment of a large number 
of men is in consideration. This growing tendency will r<3Siilt in a 
certain code pr unwritten law necessitating the agreement of both em- 
ployer and employee in all significant questions of labor. 

Furthermore, we are producing definite and extensive written laws, and 
court decisions. These are expressed in the work of the socialistic 
trend of the laws which the Socialists have been able to procure in Eu- 
rope and this country, and in the various court decisions which have been 
banded down in labor disxmtes. The sum total of this written and un- 
written law will in all probability be a great force in the solution of 
labor problems of the future. 

Secondly, Cooi)eration and Profit Sharing — The extent of thcvse is not 
great. The arguments for and against need not be presented here, as 
they are too well known. 

Thirdly, Direct Kesult of Collective Bargaining — I wish to call atten- 
tion to some things regarding the pow’^er and achievements of organ- 
ized labor, directly resulting from collective bargaining. In the 
first case 1 contend that it is a debatable question as to whether or not 
collective bargaining has brought valuable results. I do not wish to 
minimize the value of labor unions and collective bargaining in the least, 
for it would be unwise for a labor sympathiser to disassociate himself 
from labor unions since they are the only w^orkiug instrument the labor- 
ers have. But 1 am not convinced that such associations of workers have 
re(‘eived valuable results from their activity in collective bargaining. It 
is observed that union laborers, in the main, have better places of w^ork 
and slightly better w^ages. That cannot be conclusively x)roven, I think, 
but is generally accepted. That is not suilicient evidence, how’ever, that 
(‘ollective bargaining has Imuight noteworthy results; for in many in- 
dustries labor unions are weak or not organized, yet we have no cases 
of fourteen, sixteen, or eighl^m hours of labor as was the case a cen- 
tury and a half or hvo centuries ago. The very fact that w^e have highly 
improved conditions in all ein])loyments would indicate that w^e w^oiild 
have had some large improvements in all industTies had we not had 
collective bai’gaining; so that it is x>robably something besides collect- 
ive bargaining which is bringing results to labor. It is admitted that 
the lm*rease of ca])ital has done a great deal in this regard. 

It is not necessary for me befoi*e this body to defend the contention 
that th <3 ])ayment for the service of labor will increase as capiljil in- 
crfvases, sui)j)osing the supply of labor to remain constant. That being 
the case, our emphasis should be laid upon increase of capital, which can 
only come through saving; and this is the crucial point of this pax)er. 
Labor unions should teach their members to save. And that could well 
be done for a skilfully organized scheme w^ould give the members of the 
wage earning class amusements to take the place of the exjiensive and 
ruinous saloon and afiiliated institutions. So that the money spent in 
these departments could be saved with two beneficial results, the in- 
crease of ca])ital, and the decrease of misery. Laborei*s would ilien find 
tliat their efficiency wwld be greatly increased by decreasing their dissi- 
pation. But as (hey become savers and capitalists their wages increase, 
not because they are able through collective bargaining to take something 
which some one else has or should have, but are able to take something 
additional because there is a greater demand for labor and because 
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their increased efficiency has enabled them to produce something addi- 
tional. The resulls of such exploitation of human toil and its pos- 
sibilities are unlimited. What a man can do under the proper environ- 
ment cannot be estimated. And if the labor unions would set them- 
selves to the task of develoi)ing their members and (‘ultivating the 
spirit of saving in them, no one can estimate the result. 

The first probably beneficial result would be the elimination of the 
wage earner, since by saving he would eliminate himself from the wage 
earning class in proportion as he saved. He would then become the em- 
ployer and the employee as he was before the Industrial Revolution; he 
would own industry. The labor problem as we know it now would then 
be solved, as no one would receive wages, all would receive profits and 
interest.^ All would receive profits, too, in such a way that they could ac- 
cept them. Wage earners now cannot accept profit sharing because they 
are not able to run the chances of uncertain profits; but laborers then 
would be able to run the chances of uncertain profits because laborers 
then W'ould be capitalists with accumulated funds. 

Some labor sympathizers claim that such a scheme would not be practi- 
cable because there is a time in every laborer’s life when he cannot save 
anytliing, as he is out of employment. Many contend that such a scheme 
as proposed is idle speculalion and does not bear on the labor problem 
in any important degree. They contend that the labor problem is 
long hours, ])oor ventilation, industrial accidents and diseases, non- 
employment, etc. I have attempted to give the significance of these 
questions in the first paH of the paper and will not comment on tliem 
further. 

I admit that some will not be able to save all of the time nor is 
this necessary. They are not able to save at ])resent for some or all of 
the reasons mentioned in the preceding paragraj)h. The point of this 
pa]»er is that in the degree that the laborer saves these evils will be 
remedied. 

Natvre of the ^avh\g S(chrnic , — It is not necessary for me, nor possible 
in this paper, to give a workable scheme for every industry. It is 
sufficient to say that IMassachiisetts has conidered this matter of suffi- 
cient importan<‘e to attempt a w’orking scheme in connection with their 
savings banks. The Railroad Trainmen are attempting some things in 
this line in a small and voluntary w'ay. Doubtless many different organi- 
zations have some provisions for industrial saving. The new ‘‘p^^stal sav- 
ing bank” might helj) some, but duly in a small way until it becomes 
compulsory. Industrial insiiraiice as now conducted by the insurance 
companies is in the same class as institutions for voluntary savings. 

Labor unions should conduct this institution because in them the com- 
pulsory feature (ould be carried out \vitli little or no extra expense — 
one objection to the present forai of industrial insuram*e. 

Olivet College, Ai)ril, Ifill. 
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THE THEORY OP THE GENERAL PROPERTY TAX IN 

MICHIGAN. 

W. O. HEDRICK. 

I 

Michigan, like most of her sister states, relies mainly upon the gen- 
eral property tax for the means with* which to defray the expenses of 
government. This tax came into use early in the territorial period of 
our history but its proceeds were devoted wholly to the needs of the 
local governments throughout the entire length of this time. The ^^sep- 
aration of sources’' scheme of taxation, which now finds so many advo- 
cates, was indeed anticipated by the early customs in vogue in this 
commonwealth with rega^ to revenue matters and the present partisans 
of the ^^separation” method who would introduce this reform into the 
Michigan financial system may properly urge that “separation” is a 
re-establishment instead of a novelty. The new state government of 
183() found tiie s])ecific taxes.i from which the territorial establishment 
had hitherto drawn its chief support, inad(*quate to supply the wants 
of an independent authoriiy and early in its history resorted to the tax 
on property, thus sharing with the local divisions the revenues from 
this impost 

The laws concerning the levy upon property in Michigan have under- 
gone an enormous amount of legislative amendment and rearrangement 
— the general tax on property itself having been re-enacted as a com- 
plete piece of legislation no less than fiftmi times during the history 
of the commonwealth. The intervals of time which have separated these 
enactments have varied greatly in length since not infre<]uently two 
h'gislatures in suc<-ession have adoptee! comjdete taxing statutes, al- 
though in other cases ten, fifteen and even twenty a ears have elapsed 
between the appearanc es of these new measures. The first of these 
general imposts upon property became a law in 1820, the last in 1803, 

Ea(*h one of these taxing laws has followc*d essentially the same model 
so far as its structure is c oncerned and in all of them the provisions 
with regard to levying the tax and collecting it — in a word the adminis- 
trative methods — iiave <*omprised nineteuths of the statute, and have 
furnished pra(*tically all the serious tax problems with which Michigan 
has been confronted. The theoretical featui*es of property taxation in 
Michigan, it is conceived by this paper, is found in the i‘eniaining por- 
tions of these statutes and has to do with the legislative intent as to 
who should pay taxes and u})on what property and to what jurisdiction. 
In brief, the denign of the statutes with i*egard to taxation matters 
rather than the actual accomplishment under their administrative pro- 
visions or even the nature of these administrative provisions, is the sub- 
ject ’which we have undertaken to discuss as taxation theory and an 
examination of all the different taxing laws has been made with respect 
to what property it was designed should pay taxes through whom 
and where to show the character of this theory from time to time. 
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Every general taxing law has invariably classified pi’operty for taxa- 
tion purposes as real estate or as personal property and ^^cash value’^ 
has been the invariable legal measure of the taxableness of properties 
found in both of these classes. In early days a rated tax was the impost 
used by the state government for the defrayment of its own expenses 
but since 1853 both the state authority and the minor divisions have 
alike made use of an apportioned tax as the proper method of levying 
their exactions. 

All general taxing laws have always included among their objects 
every kind of non-exeinpted real estate situated within the common- 
wealth and have always associated together land and all non-exempted 
‘‘buildings and fixtures thereon and appurtenances thereto” in their 
definitions of the term realty. This kind of property has furnished by 
far the major jiortion of the state's assessable resources, although in 
early times the reserv^ations by the federal government in the enabling 
act by which Michigan became a state, of all federal realty from the 
operation of state taxes removed at once three-quarters of the Michigan 
lands acreage from the operation of the jiroporty tax.* This cnfoned 
renun(‘iation for taxation pur])oses of so large an area furnished a theme 
for complaint to the early state authorities which was only ap])eased 
by the gift of many millions of acres to the state and the prom[)t dis- 
position of the remainder to private ])roprietors under whom it became 
immedialely taxable, lly lS74t only a twelfth of the realty of the com- 
monwealth remained free from taxation through its relations with the 
general government and much of this has sin(*e come into ])rivate hands. 

All taxing laws have likewise invariably regarded ])ersonal property 
as liable for the ne(‘ds of government, and a definition of this kind of 
property has been found in each of the taxing laws sin(*e the time when 
the receipts from this tax ceased to be usecl exclusively for local pur- 
poses. Jfoneys, chattels, boats and vessels, corporate shares or stocks, 
annuities and credits less indebtednesses have at all times been includ(Hl 
within these definitions although none of these terms have maintained 
the same meaning thixnighout ea<*h of its uses save moneys and boats 
and vessels. Personal ]»roperty, too, itself, has been an exy)ansive term 
since at different times new items hav<‘ been inserted within its definition 
and our research into legislative design in order to be complete will 
require an inspection of t*ach of these constituents of ]>ersonalty as well 
as an enumeration of the different items which have in later years been 
added to the list. 

The taxation of cor]>orate shares or stocks in this State by means of the 
general property tax has suffered much restriction through the Michigan 
plan of employing syiecific taxes as the means of securing a yuiblic reve- 
nue from the larger corporations. All coi*porations originally made 
their contributions through this foi’m of taxation and the important ones 
continued to do so until a decade since and even now are taxed by a spe- 
cial corporation tax. The greater number of the residual corporations 
too — ^those not levied upon by spetnfic metliods — have submitted to the 
general property tax exactly as have private individuals — paying their 
taxes upon assessments precisely as do real persons — so that few oppor- 

“Cong:, Rft •. Sen. Uoc.. No. 32, 1838. 

tState And. Rep. 1874, p. 



MICHIGAN ACADEMY OP SCIENCE. 


269 


tunities indeed have existed for taxing stocks in domestic corporations 
without inflicting an unjust double taxation. 

The personal property tax on stocks and shares came in this way very 
early to denote a lax on stocks and shares in foreign (‘orporations only, 
and this fact is recognized by a statute of 1853 which provides for the 
taxation of shares or stocks in all railroad, turnpike, C4inal and other 
corporations out of the state which lire owned by inhabitants within the 
State. No alteration of Ibis situation has taken place iiniil the present 
time with the single (exception that banking companies ar(» taxed through 
their shares of slock and this outcome was brought about by the rule 
of laxation laid down by the federal government as to the way in Avhich 
national banks should be taxed and the further provision that the 
method employed should not be different from that used in taxing state 
banks. The shares in foreign corporal ions therefore, exce])t in the case 
of banking shares, alone develop almost the entire sum which is re- 
ceived from this form of personalty. 

That classic bugaboo to a general property tax— credits — apj)eared 
early among the items of personalty in our taxing laws. At all limes 
too, net credits only have la^en taxable since always deductions have 
bf*en peinnissible to the amount of ones indebtednesses. The earlier tax- 
ing laws limited stri<*tly the credits which were subject to taxation to 
those which rf'sultcnl from time transactions in money or goods, but a 
statute of 1882 provides an omnibus clause under which all credits, e\^en 
those due from <*or])orations are assessible. Under this provision, notes, 
mortgages, bonds, and bills and accounts receivable become taxable and 
public sentiment has run strongly in the direction of bringing all these 
classes of property to the assessment rolls. Land mortgages, indeed, 
have proven themselves especial causes of discord in the various agita- 
tions which have taken place in favor of securing more revenues from 
taxing credits. This distinction has resulted from the fact that land 
mortgages are objects of record and also because of the large aggregates 
of this sort of ])roi><»rty which now (‘xist. Tn 1801 a mortgage fax law 
was adopted by which credits of this sort were considered as an interest 
in the land, which was subject to the mortgage, but before a fair trial 
of this method of taxation could be had a rival legislature repealed the 
law. Once again in 1901 a mortgage taxation law was adopted by the 
legislature but was vetoed by the State executive on account of certain 
adminisirative defects. 

The Hercules of the y)ersonalty group of properties — if the term her- 
culeiin be not indeed, wholly a misnomer in describing the revenues 
which have come from any of these taxable — is the class of things known 
as chattels. The abundance and the tangibleness of this sort of property 
gives it second place to re^iltv only in the amount of tax receipts which 
have been developed while the zeal of the legislative attack upon this 
sort of personalty may be gathered from the care which has been exer- 
cised in defining the scope within which taxable chattels were to be 
found. Tlie earlier statutes limited themselves to the simple statement 
that chattels wheresoever they may be are subject to assessment but 
the laws of 1893 elaborated this simple * phrase into two provisions: 
the first providing for the taxation of chattels within the state and the 
second for the taxation of chattels in other states if owned by inhabi- 
tants of this commonwealth. 
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The term chattels has itself undergone pronounced expansion in the 
successive taxing laws which have been adoi)ted both as to the number 
and as lo tlie variety of things to which it has been applicable. The earl- 
iest taxing law, for e:^ainple. excluded from among the list of things which 
would be <*omnionly thought of as chattels, young domestic animals, 
sheep and all property not subject to the laws of execution. These were 
all reincluded, however, among the things considei'ed as chattels by a 
subsecpieut law\ The law of 185[1 excluded wearing apparel fi*om among 
the things called chattels, that of 1809 family pictures, of 1891 pensions, 
while the last tax enactment, that of 1893, threw out all of these and 
also school books, private sewing machines, libraries and re-exempted 
young domestic animals from the assessment list. But fre(]ueut as these 
excisions have been, the term has been depleted but slightly of its con- 
tent through exemption and the present taxing statute groups no less 
than twenty familiar (*lassc>s of property under the title of chattels while 
the personal propeHy tax receives its staunchest buttressing as a part 
of state tax systems through the amount of revenue which can be col- 
lected from this sort of i)ro]>ei'ty. 

The growth of the common city street car lines into the familiar inter- 
urban electric systems w’as the cause of the most serious anomaly in the 
classification of ])ersonalty within our statutes. After the abandonment 
of specifn* taxes upon ihcse ])ropertics in 1882 the street car companies 
bec ame liable for taxation upon the ordinary assessment rolls although 
the usual rule that ‘^fixtures and appurtenances to real estate must be 
taxed as realty was everywhere abandoned because tlie 1y])ieal })roperty 
of street car (*ornpanies is fixed to the non-taxable j>ublie streets. Car 
tracks, switches and street c*ars w’ere assesscKi under thc^e circumstances 
by a sjiec'ic^s of mutual agreement as cor]>orate ])ersonal ])ro]>erty and 
no jnjnstic.*e was done since the same rate of taxation is usually a])plica- 
ble under the same taxing authority to botJi personalty and realty. But 
wdth the strife of competing jurisdictions as iliese lines were extended 
as interurban roads into the c*ountry under the same c*irc‘umstanc;(*s of 
traversing public ])rojKu*ty, a more formal arrangement wms ncM‘essary 
and the law of 1S93 formally legalized the absurdity of iTgarding emr 
Irac'ks as i>ersoiial })ro])erty and further violated onr tax customs by al- 
lown*ng this personalty to be levied upon by the jiirisdic.*tion under wiiich 
it is found. Xo unusual features have developed with regard to the other 
recenl additions to the personality definition such as forest products, 
lu'oduc e, se^Hls, grains and nursery stock, and all of these have been sim- 
ply incorporatc^d into the assessment lists with the twtmty or more other 
classes of goods which come under the name of chattels. 

The actual amount of })roperty which has developed revenues for the 
support of government from time to time has bc^m far less extensive than 
the realty and personalty c‘lassific*atioiis just referred to wmuld suggest. 
This has been the ontc^onie from exempting many different property own- 
ing organizations, institutions and persons from the payment of taxes. 
The most important of these remissions are those which government has 
given itsedf through absolving fi*om tax payments all public proj)erty 
throughout the State. The earliest of our taxing law’^s left the belong- 
ings of The loc*al governments untouched thi’ough specific exemption while 
the later Unvs have extended the same pidviiege to the lU’operties of the 
commonwealth for the reason in both instances that it is obviously in- 



MICHIGAN ACADEMY OP SCIENCE. 


271 


expedient for government to take from itself what it mnst necessarily 
again restore. This exemption of school establishments, public buildings, 
parks and other municipal propeiiies has made no inconsiderable re- 
duction of the total valuation within the State which would otherwise 
have found its way to the assessment lists. Closely following these reser- 
vations of governmental property in order of importance come the exemp- 
tions of the proi»erty of the general public utilities companies owdng to 
the fact that these companies have usually paid specific taxes upon their 
earnings or upon some other element and the demands of justice require 
that they should not be doubly taxed. The worth of these properties, and 
therefore the measure of the exemption, which has pi*evailed, has varied at 
different ])eriods but at all times their absence from the customary assess- 
ment roll has l>een a subject of c<«nplaint from local authoriti€*^s who 
have missed’ the contributions which w^ould otherwise have benefited the 
local treasuries. In 1899 the ^‘great appraisaP’ developed a value in these 
properties which equalled almost a sixth of the amount of the assessed 
valuation of all other property within the commonwealth. It may safely 
b(‘ estimated that the reservations of tliis sort commencing with railroads 
and plank roads, in 1840, and subsequently extended to copper, iron and 
coal mines, telegraph and telephone companies and stre(^t (*ar lines, and 
to others has at all times equalled fairly a])proximately this proportion 
of the proj)erty value within the State. An exiirnination too, of the taxes 
developtMi from the specific taxes in com])arison with those developed 
from the general pro]>erty tax shows a disparity at all times of only a 
little less than onequarter as much fi^oin tlie former as from the latter 
and this tends to confirm the estimates of the relative values of these 
properties as based upon the great ajipraisal.” * The property of these 
cornpanitMSi, although no longer paying specific taxes is still exempt fi*om 
the general property tax since its as.sessment at present takc^ place under 
a modified jiroperlv tax. 

The organizat ions and institutions which came next in tln^ extent of 
the benefits ret-eived through being allowed innnnnity from taxation are 
the elm relies and religious s<»cieties and cliari table, benevolent, literary, 
library an<] scientific associations, etc. The similarity in the ends which 
are striven for by tliese bodice and those for which government itself 
strives is sufficient reason for omitting their property from the 
assessment rolls, although the propriety of this action has been fre- 
quently, quest ion e<l by diflVrent legislatures. The taxing laws of the ter- 
ritorial period designatcnl simply the property of churches and religious 
bodies as being exeniyit from taxation but the later statutes have been 
much more specific and have included the furniture, the nghts to jiews, 
the paisouages and the lands upon which churches stand as coming 
within this tax iinnuinity. Tbirial grounds and the charitable homes of 
secret and fraternal societies have also come to enjoy a similar exemp- 
tion The memorial societies such as Grand Army posts, sons of veter- 
ans, woman’s relief corps, etc., are also com])rised Avithiu the same class. 

A great variety of pemms have at different times loo been tin. benefi- 
ciaries of the exempting clauses of the faxing laws some times for ob- 
vious reasons and again for no easily assignable cause. For example, 
persons having household furniture worth in value less than $200 or 

♦ The Appraisal in 1900 of the railroads, express companies and s mller puhl c ut'l tv propeiOes by 
the Cooley-Adams comra'ssiens. 
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spinning wheels and weaving looms, worth less than $50 or libraries and 
school books not to exc eed $150 or ten sheep or two cows or five swine, 
fuel for six months or arms and accoutrements or any one or more of 
these items miglit claim under tlie law of 1853 immunity therefore from 
taxalion. The property of Indians was exempt until the law of 1869 
and that of alien Indians until the present time. Since the law of 1893 
me(‘hanics and farmers have been exempt from paying taxes upon tools 
and implements not to exceed two hundred dollars in value and at all 
limes since the j»roj)eriy tax was first used for State purposes indigent 
persons have been free from paying taxes upon their personal property 
and since 1893 upon their realty also. 

The State has also made use of the taxing laws with more or less suc- 
cess for the accomplishment of many other purposes than those which 
have been strictly fiscal and in this way much property has been relieved 
from contributions to government. The social or industrial ends which the 
Stiite has had in view have usually l>ecn striven for by the enactment of 
tax exemption laws by Avhich the activities favored by govei*iiment were 
relieved from the depressing effects of paying taxes. Mulberry tn^cs for 
example, were relieved from taxation by an early territorial law in order 
to give a spring to the silk industry. Hheep Avere put upon the free list 
by a law of 1833 to encourage avooI growing, salt and salt mills by a hnv 
of 1857 Avere freed from tax yiayments and indeed the industry became 
the recipient of a bounty. Sugar manufacturing plants and sugar cane 
and sugar beet growing came upon the exeiufitiou list in 1S81, agricultu- 
ral societies the same year, and in 1889 shares in building and loan so<*ie- 
ties. The sum total of the property which lias thus been freed from tax- 
ation by these means is doubtless small but the full jiroportions of the 
deductions which have been made from general property could not be 
showui without some reference to these special immunity acts. 

The devastating encroachments of exemption provisions upon the nom- 
inally taxable general property is partially balanced on the other hand 
by the additions in the laAV of 1846 of the ordinary business corporation 
to the list of taxpayers whose property should be listed upon the assess- 
ment roll. This proAusion for tJie development of a revenue from the 
ordinary business comjiany scHAms indeed to have been an anticiimtory 
measure since at the date of its enactment few, if any, corporations for 
gain except those within the bank, the mining, the railroad and river 
navigation industries— all of which AAere specifically taxed — had come in- 
to existence. The future was doubtless clearly foreshadowed however by 
the growing multiplicity of these latter companies as to the future prob- 
able character of business ownershi]) and control so that this early de- 
signation of (orporations for taxation AA'as not uiiAvarranted nor un- 
timely. The corporation tax of 1846 has been the basis for similar yirovi- 
sions in each general taxing law from that time until the yiresent. 

The State tax commission in its fii’st rejiort criticised severely the 
method of taxing corporations upon the assessment roll in the same way 
that human property owners were taxed as a method which was inad- 
equate and ineffective and makes a special charge of self-seeking against 
this class of tax payers. no instance/^ says the report, *^has the com- 
mission found any obstacles placed in its way by individuals. Every con- 
test against the commission and nearly every complaint has had its origin 
in some one of the great corporations whose assessment has been re- 
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viewed. This was not because they were assessed beyond their cash 
value, but because their long escape from equal taxation had led them 
to believe, or at least assume, that they had prescriptive rights to ex- 
emptions.’’* 

first fniits from the agitation thus engendered for in<*reaspd rev- 
enues from corporations was the ena(*tinent of a law by which a practi- 
cal method was provided for swiring reports from th(*sc cr(*atures of the 
State. Utilizing the imreased fund of Information concerning corpo- 
rate business which ( ame to it as a result of these reports the State tax 
commission has distributed material regularly to the local assessing of- 
ficers by which they might more properly place corporate property u]H)n 
the assessment rqlls than had formerly been the case. There can be little 
doubt now but that the circulars which the commission has distributed 
have been very helpful in enabling the local officer to perform his work 
more efficiently. 

An asso<*iate benefit which has come from this agitation for the better 
taxation of corpoi*ations has been the development of the legal right to 
assess the intangible property of these companies. The' successful T*esist- 
ance on the paH of the Detroit Uommon Oonneil to the suit of the Cit- 
izens Rtiwt Railway company which sought to prevent the assessment 
of four millions of dollars of additional value against it on account of its 
franchise and other intangible property established the lawfulness of at- 
tacking this common and highly valuable species of wealth by assessing 
officers. The rule of taxation for foreign business corporations doing 
business within the State both with regard to the State franchise tax 
and also with regard to assessment by local officials is in no essential 
respect different from the rule applicable to the domestic kinds except 
in such minor respects as develop in the application of the tax. Vessel 
owning companies and private tanking companies are required to make 
different reports from those exacted from other companies but in no 
other respect does this taxation differ from that of ordinary corpora- 
tions. 

The jurisdiction to wiiich pniperty shall be subject for taxation i)ur- 
poses or as quaintly expressed in the early taxing laws ^‘Where property 
shall be taxed,’' has eai'efiilly iK^en explained in each of the successive 
statutes. The situs question in tlie actual administration of a tax is 
of serious significance both to the pi*operty which is to be 
taxed and also to the authority which is to impose the levy. To the 
former the evils of double taxation ai^e threatened if the competenc^y of 
the jurisdiction to which it is liable is not clearly established while the 
latter is in danger of losing its revenue resources if tlie fiscal obligations 
of property are not clearly defined. This problem of localizing property 
for taxation purposes is one of constantly increasing significance too^ 
owing to the growing complexiiy and extensiveness of the taxable in- 
volve and the theory of taxatio-n is no longer complete without a dis- 
cussion of situs consideration under such strange* terms as ^‘division 
of yield,” ^‘segregation of souives,” ‘‘centralized administration,” etc. 

Michigan has had an almost unique experience in dealing with the 
matter of situs privileges and responsibilities through the fact that it 
has. been her policy to persistently ignore at all times situs considera- 

♦Rep. of state Tax Com. 1901, p. 31. 

35 
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tions in the collection of taxes from the great public utilities (orjau-a* 
tions sucli as railroad, telegraph and teleplione and cxpivss c(aui)aiiies. 
The explanation of this situation is to be found of course in the pe{ U- 
liar nature of Ihe taxes to whi(*li these proiicrlies liave been subjected 
— specific taxes — and the alleged objectionableness of the ])hm has very 
often aroused severe public criticism. The condemnation of this sclieine 
of taxing public utility coin]>anies as units has come usually froju tin* 
cities Avhere the offices and warehoust‘s and other terminal facilities of 
su(*h (‘ompanies are situated and when* watei\ s(*wage and police* facil- 
ities and fire protection must be furnished with no re(*iprocal ])ayments 
in the form of taxes from the j>roperti<^ benefited in retuin. Tin* 
criticisni of this Michigan plan of disregarding situs consideration in 
the taxing of ]>ublic utilities companies is most fully set foi tli in the 
constitutional convention of ISofi.* In recent yeai‘s the ])lan of dis- 
tributing the revenues from tlu*se properties tt» tin* public school fund 
and upon a scheme of ap))ortionment which allocatt^ to the cities a 
large ])ro}M>rtion of the entire fund has apparently furnished some recoiu- 
j)ense to these* nuinicij)alities for their otherwise unre<|uited (*xi)enscs. 

The laws for taxing general ]m>})erty in this ^tate have invariably as 
signed to realty a taxation situs within the townsliip or other ]>lace 
of situation upon the theory doubtless that these jurisdictions are in need 
of the revenues whi<*h may be deveh^ped from realty and they are also 
the sourct*s from which the chief benefits will come for which this tax- 
able should make recom[)ense. The fiscal respcnsibilitit*s <d p(*rsonaity 
on the other hand have with e<|ual uniformity' been allotted to the jui- 
isdiction within which the oAvner lived although the in!luence <»f the ben 
efit theory of taxation has brai junverful in creating many excejdions 
to this rule. J*em>iialty such as goods or cattle, for exam])le, which 
is use<i or maintained in connection with ])roperty which is situated in 
some township other than that wherein the owner resides, must pay laixes 
at the place of location upon the theory doubtless that it is hen* that the 
chief benefits of government are received. Buildings eivcted upon publi<* 
lands of any soiT and owned by private owners and also tin* jiersonal 
property of non-residents of the State are for similar reasons liable* to 
the jurisdictions in which they are found, (hi the other hand shares in 
bank stock follow' neither of the rules for localizing personalty which 
have betm given but are assigned to taxing jurisdictions almost arbi- 
trarily and in a way dictated by experience. 

The tax obligations of corporations amenable tc» the assessment roll 
are with respect to realty identical with those of human tax payers al- 
though in the case of personalty their place <»f business is the determi- 
nant of their jurisdictional responsibility instead of place of resideme 
as in the case of human beings. 

The use of properiy as a measure of faculty it may be said in coiuiu- 
sion has become strongly intrenched in the beliefs and prat‘tic*es of the 
State not only as exemplified by the general tax Avhich has been de- 
scribed but also by the modified properiy tax w'hich is applied to gen- 
eral public utility companies and also by the use of still a third prop- 
erty tax — the one which is applied to inheritances. 

East Lansing, Mich., April, 1911.'. 

♦ Can. Coil, Debates, 1850, p. 750. 
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EEPORT OF THE IJHRAKIAN OF THE MK.^IIIGAX A( AHEMV OF 
^OlESCE FOR 1010-1911. 


The principal work of the librarian this year has been the distribution 
of reports. The twelfth rej)ort was received in Se})tember (1910). and 
was shortly afterward sent out to the members and exchanges. In ad- 
dition to this, the sets of seven old members and two institutions that 
had not received certain volumes were filled out, and fourteen volumes 
were sold. 

Aside from this work, a card catalog of members who have received 
reports has been ]>repared, so that we noAV have a record f»f every book 
that has been sent out to them. By referring to this catalogue we can 
tell at once whether or not a member has received a certain re])ort, and 
if not whether this was owing to the fact that the dues were not paid 
for that year. 

The extra volumes of the report in the library of the State Depart- 
ment have bcHui transferred to Ann Arbor, and an inventory made of 
the present reserve stock. The number on hand is shown in the following 
table. 


'lAHLK SHOWINd NC'MHEU OF COIMES OF KAi’H UFPOHT IN THE UI SERVE BT-irFS 

ON APRIL 1. 1911 




Number of 

Report . 

Year. | 

1 copies. 

1. 

Kir>t 

1894-99 

i 

i 24 

Second 

1909 

371 

Third. 

J901 

1 480 

Fourth 

1902 

539 

Fifth 

1903 

418 

Sixth. 

1904 

43.’’^ 

Seventh.. . 

1905 

147 

Eighth . . 

1900 

217 

Ninth... 

1907 

! iss 

Tenth 

1908 

i 189 

F^leventh . . 

1909 

258 

Twelfth. 

1910 i 

28,5 

Total... 


3,551 


Thei*e are, at tbe close of the year, 570 institutions on our exchange 
list. This is one less than was listed in the last ixiport. Niue u; mes have 
been dropped from tbe list, either for the reason that the institutions 
were defunct or bei^ause they were ali-eady receiving the reports under 
another name. Eight names have been added to the list — the University 
Library, Edgbastoii, Birmingham, England, the Manchester Geographi- 

*^Jdr ss: Care Unoersity of Mich“gan Museum, Ann Arbor, Midi. 
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cal Society, MaiieheKter, England, the Museo National de Historia 
Natural, Mexico Oily, Mexico, the Sociely for llie Development of Ex- 
perimental Science, Moscow, Ensnia, the American Midland Naturalist, 
Notre Dame, Tndiana, the State Board of Forestry, Indianapolis, Indi- 
ana, the Department of Mines and Agnciilture, Sidney, New South 
Wales, the Bureau of International Catalogue of Scientific Literature, 
Smithsonian Institution, Washington, D. (\ 

The whole ilist of exchanges is appended to this ix^port. 


LIST OF EXClIAXCiTOS.* 


Aberdeen Natural History Society, AherdcHUi, Scotland. 

Aberdeen University Library, Aberdeen, Scotland. 

Academia de Ciencias, Mexico City, ^Ic^xico. 

Academia de Ciencias, MMicasy Fisicas, Havana, Cuba. 

Academia de (Mencias Naturales, Lima, l*eru. 

Academia Nacional de CienciaxS, Cordoba, South America. 

Academia Polytechuica, Oyauto, INu-tugal. 

Academia Keal das Sc iences, Lisbon, Portugal. 

Academic de Metz, ^letz, I>oriaiue, Germany. 

Acad^mie des Belles-Lettres, Sciences, La Rochelle, Franc'e. 

Acad^miie des Sciences, Art et Belles Lett res, Dijon, Franc’e. 

Academic des Sciences, Belles-Letti*es, Lyon, France. 

Acad^unie des Sciences, Belles-Lettres et Arts, Rouen, France. 
Academic des Sciences et L^'tters, Montpellier, France. 

Acad^mie des Sciences Inscriptions et Belles-l^ettres, Toulouse,. 
France. 

Academic Nationale des Sciences, Caen, France, 

Academy of Science, New Orle^ins, Ix>uisiana. 

Academy of Natural Sciences, Philadelidiia, Pennsylvania. 

Academy of Natural Sciences, St. Paul, Minn. 

Accademia defies Scienze deir Istituto, Bologna, Italy. 

Accadernia delle Scienze, Ix?ttere ed Arti, Genoa, Italy. 

Adrian Scientific Society, Adrian, Michigan. 

Aix University Library, Aix-en-Provence, Bouches dii Rhone, France- 
Akademija Umiejetnosci, Krakau, Austria-Hungary. 

Alabama Geological Survey, University, Alabama, 

Albion College, Library, Albion, Michigan. 

Alma College, Library, Alma, Michigan. 

Alpena Public Library, Aljiena, Michigan. 

American Academy of Arts and Sciences, Boston, Massachusetts. 
American Academy of Medicine, Easton, Pennsylvania. 

American Association for the Advancement of Science, Washington, 

D. C. 

American Entomological Society, Philadelphia, Pennsylvania. 
American Geographical Society, New York City, New York. 

American Geologist, Minneapolis, Minnesota. 

American Gynecological Society, New York City, New York. 
American Laryngological Association, New York City, New York. 
American Midland Naturalist, Notre Dame, Indiana. 


^ "“Adless all exchanges “care of the Library of the Uu'vers ty of M'chi^an, Ann Arbor, Mich’gan,. 
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American Monthly Microscopical Journal, Washinj^ton, D. C. 
American Museum of Natural History, New York City, New York. 
American Philosophical Society, Philadelphia, Pennsylvania. 

Archives des Sciences Physiques et Naturelles, Geneva, Switzerland. 
Asiatic Society of Bengal, Calcutta, India. 

Astronomical Society of the Pacific, San Francisco, California. 
American School of Classical Studies, Athens, Greece. 

Atlanta University, Library, Atlanta, Georgia. 

Bayerische Bolanische Gesellschaft, Munich Germany. 

Baylor University, Library, Waco, Texas. 

Beloit College, Library, Beloit, Wisconsin. 

Berliner Entomologischer Verein, Berlin, Germany. 

Besancon University, Library, Besancon, France. 

Bibliotheca Nacional, Buenos Aires, Argentine Republic. 

Bibliotheca da Faculdade de Direito da Universidade, Pernambuco, 
Brazil. 

Bibliotheque Nationale Paris, France. 

Bibliotheca Nacional, Rio de Janeiro, Brazil. 

Biblioteca Nazionale Centrale, Florence, Italy. 

Biologiska Foerening, Stockholm, Sweden. 

Birmingham School Board, Birmingham, England. 

Bodleian Library, University of Oxford, Oxford. England. 

Boston Medical Librarv, Boston, Massachusetts. 

Boston Public Library, Boston, Massachusetts. 

Boston Scientific Society, Boston, Massachusetts. 

Boston Society of Natural History, Boston, Massachusetts. 
Botanisidier Verein, Freibiirg-im-Breisgau, Germany.' 

Botanischer Verein, Koenigsberg, Prussia, Germany. 

Botanischer Verein, Landshut, Germany. 

Botanischer A erein Ih'ovinz Brandenburg, Berlin, Germany. 

Bowdoin College, Library, Brunswick, Maine. 

Bradford Scientific Association, Bradford, England. 

Bristol Naturalists^ Society, Bristol, England. 

British Association for the Advancement of Science, Ijondon, England. 
British Museum, I^^ondon, England. 

Brooklyn Institute of Arts and Sciences, Brooklyn, New York. 
Brown University, Library, Providence, Rhode Island. 

Bryn Mawr College, Library, Bryn Mawr, Pennsylvania. 

The Bryologist, Brooklyn, New York. 

Buffalo Society of Natural Sciences, Buffalo, New' York. 

Calcutta University, Library, Calcutta, India. 

California Academy of Sciences, San Francisco, California. 

California Univereity, Library, Berkeley, California. 

Calumet Public Library, Calumet, Michigan. 

Cambridge Philosophical Society, Cambridge, England. 

Cambridge University, Library, Cambridge, England. 

Canadian Institute, Toronto, Canada, 

Catholic University, Library, Washington, D. C. 

Central State Normal School, Library, IMt. Pleasant, Michigan. 
Chicago Academy of Science, Lfincoln Park, Chicago, Illinois. 

Chicago University, Library, Chicago, Illinois. 
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Cincinnati Society of Natural llisitory, (Mncinnati, Ohio. 

Cincinnati University, Library, Cincinnati, Ohio. 

City of Jx)iKlon FJntomologicnl and Natural History Society, London^ 
Engfland. 

College of Physicians, Philadelphia, Pennsylvania. 

Colorado Colle^^e, Tdbrary, Colorado Spriii*i;s, Colorado. 

Colorado School of Mines, Library, Golden, (\)lorado. 

Colorado Scientific Society, Denver, (\)lorado. 

Colorado University, Library, Honlder, (^olonido. 

Columbia University, Library, New York City, New York. 
ComJijerz-I>ibloth(‘k, Hamburg, Germany. 

Comiiiissao Geoj?ra])hi(* e Geolo^iea, San Paulo, Prazil. 

Concilium Piblio^raphicum, Zurich, Switzerland. 

Connecticut Academy of Arts and Sciences, Yale Station, New TTaven,. 
Connecticut. 

Conne(*ticut State Library, Hartford, Connn(‘clicut. 

Cornell University, Libiury, ltha<*a. New Y(»rk. 

Dalhousie (k)lle^e. Library, Halifax, Nova Scotia, Canada. 

Davenport Academy of Natural Scien<*es, Davenport, Iowa. 

Delaware Counly Institule of Science, Media, Pennsylvania. 

Denison University, Scientific Laboratorie^s, Granville, (Miio. 

Denver University, Library, Denver, Colorado. 

Department of Mines and Agriculture, Sidney. New South W.ales. 
Department of the Interior, (\inadian .Vrchives, Ottawa, ('anada. 
Detroit Public Library, Detroit, Michigan. 

Deutsche Botanische (iesells(*haft Berlin,; Germany. 

Deutsche Geologische Gesellschaft, Berlin, Germany. 

Deutschcr u. Oesterreichischer Alpen-Yerein, Munich, Ciermany. 
Deutsc‘her Wissenschaftlicher Yerein, Santiago, (Miili. 

Ecole Normale Sup^rieure, Paris, Prance. 

Ecole Pratique des Haiites Etudes, Sorboune, Paris, France. 
Edinburgh Field Naturalists and Microscopical So(*iety, l^dinburgh, 
Scotland. 

Edinburgh (ieological Society, Edinburgh, Scotland. 

Edinburgh University, Library, Edinburgh, Scotland. 

Elgin Scientific Society, Elgin, Illinois. 

Elisha Mitchell Scientific Society, Chapel Hill, NoHli Carolina. 

Elliott Society of Science and Arts, Charleston, South Carolina. 
Elphinstone College, Library, Bombay, India. 

Entomological Society, (Cavendish Square, W. Ixmdon, England. 
Entomological Society of ("anada, Quebec, Canada. 

Entomological Society of Ontario, Guelj)h, (’anada, 

Entomologisdier Verein, Stettin, Germany. 

Entomologiska Foerening, Stockholm, Sweden. 

Essex Institute, Salem, Mass. 

Field Museum of Natural History, Ohi<*ago, Illinois. 

Finska Vetenskap Societet, Helsingfors, Finland. 

Folia Bibliographica, Berlin, Germany. 

Franklin & Marshall College, Library, Tamcaster, Pennsylvania. 
Geographical Society of Australia, Queensland Branch, Brisbane,. 
Australia. 
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Hackley I'ublic Cibrary, Muskegon, Michigan. 

Hall Fowler Memorial Library, Ionia, Michigan. 

Harvard Museum of Colnparative Zoology, Cambridge, Massachusetts. 
Harvard University, Gray Herbarium, Cambridge, Massachusetts. 
Havana University, Library, Havana, Cuba. 

Hillsdale College, Library, Hillsdale, Michigan. 

Historical and S(*ieiitific Bociety, Wilmington, North (Carolina. 
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Istitnte Fli.storico,. (leographico y EthynograiJiico, Rio de Janeiro. 
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Naturwissenseliaftl idler V(*rein fuer Selileswig-Holstein, Kiel, Prus- 
sia, Germany. 

Katurwissensi'haftlidier Verein fuer Sehleswig-Holstein, Kiel, Priis- 
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Dakota. 
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Pennsylvania Geological Survey, Philadelphia, Pennsylvania. 
Pennsylvania University, Library, PhiladelT)liia, Pennsylvania. 
Perthshire Society of Natural Science, Perth, Scotland. 
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Real Academia de Ciencias y Artes, Barcelona, Spain. 

R. Accademia delle Scienze e Belle Jyettere, Naj)les, Italy. 
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Royal Botanic Society, Inner Circle, Regents Park, Ix)ndon, England. 
Royal Dublin So(!iety, Dublin, Ireland. 
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Socide d'llistoire NaturelJe, Aiilun, France. 

Socide dTlorticullure el de Bolani(jue, llaviT, Fnin<*e. 
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Trinity University. Library, Toronto, t^'anada. 
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